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PERMEABILITY 
By WALTER STILES 
CHAPTER XI 

THE DETERMINATION OF THE PERMEABILITY OF PLANT 
CELLS TO DISSOLVED SUBSTANCES 

T he passage of dissolved substances into living cells takes place 
for the most part independently of the absorption of water. Just 
as the latter enters the cell in order to bring about equilibrium on the 
two sides of the cell membranes, so the passage of a dissolved sub- 
stance into the cell can only proceed until the distribution of the sub- 
stance within and without the cell fulfils the conditions of equilibrium. 
Of course, if the passage of water into, or out from, the cell should 
alter the conditions of equilibrium with regard to dissolved substances, 
passage of dissolved substance across the cell membranes may take 
place, but there appears no reason for supposing there is any closer 
connexion between the entrance of water and solutes into plant cells. 

The entrance of any solute into a cell depends therefore not only 
on the permeability of the cell membranes to the substance, but also 
on how far the distribution of the substance on the two sides of the 
membrane is removed from the equilibrium conditions. For this 
reason, although the passage of a substance into the cell can be taken 
as evidence of the permeability of the ceU to the substance, the non- 
entrance of it need not necessarily indicate that the cell is imper- 
meable to the substance. Similarly the rate at which a substance 
enters a cell cannot be taken as a measure of the permeability of the 
cell. If a dissolved substance were able to penetrate the protoplasm 
and combine with some constituent of the ceU, it would obviously 
enter the cell to a much greater extent and at a greater rate, than if 
it did not combine with any constituent. In the latter case it might 
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even be difficult to discover whether the substance were permeable 
at all to living cells. For many substances which are harmless to 
cells when presented to them in low concentration have a toxic effect 
in stronger concentrations, and as a result of toxic action the per- 
meability of the cell may be greatly increased. It may therefore 
often be necessary to use substances in dilute solutions if permeability 
of living cells is to be examined, and if no marked accumulation of the 
substance in the cell sap takes place its appearance there may be very 
difficult to recognise on account of the small quantity of it present. 
The necessity of distinguishing between intake or absorption of a 
substance by the cell and the permeability of the cell membranes 
'to the substance has been rightly emphasized by recent writers 
(Hober and Hast, 1913; Brooks, igiy a; Osterhout, 1917 d). 

It may again be emphasized in this place that the cell is a very 
complex system with regard to its permeability. A dissolved sub- 
stance in diffusing into the cell sap from the solution outside the cell 
hais to pass through the cell wall and the protoplasm and possibly 
through plasmatic membranes on the inner and outer surfaces of the 
protoplasm which differ in permeability properties from the bulk of 
the protoplasm (cf. Stiles and Jjjfrgensen, 1918). It is very generally 
impossible to distinguish between these different phases in attempt- 
ing an analysis of permeability phenomena, so that in the following 
where the permeability of the cell or of the cell membranes is men- 
tioned it means the permeability of the whole series of cell membranes 
which separate a liquid external to the cell from the cell sap in the 
vacuole. 

■ It should be perfectly clear from what has been said of the per- 
'meability of membranes in Chapter V, that we may expect the per- 
meability of the same cell to differ exceedingly towards different 
solutes. We may also expect that the order of permeability to a 
series of substances may differ in the case of different cells. Also as 
cells differ so much in their structure and properties we may expect 
that methods applicable for the determination of the permeability 
of some kinds of cells may not be applicable in the case of others. 
This is indeed the case, as will be very evident from a consideration 
of the various methods that have been evolved for the determination 
of permeability. These methods are described below. 
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I. Direct Test of Permeability by Observation 
OF Visible Changes in the Cell 

If a substance on entering the cell should produce a visible change 
in it, it is obvious that such visible change is evidence of the per- 
? meability of the cell to the substance. 

(i) Dyes. The simplest application of this method is the investiga- 
tion of the penetration of dyes into the cell, the permeability of which 
to a dye is shown by the coloration of the cell contents by the pene- 
trating dye. Using this method Pfeifer (1886) examined the per- 
meability of living cells of a considerable number of plant species to* 
I a number of dyes. He found that a passage of the dye into living 

I cells took place with methylene blue^, methyl violet, cyanin, Bis- 

I march brown, fuchsin, safranin, methyl orange, tropaeolin 000, 

I methyl green, iodine green, Hoffmann’s violet, gentian violet and 

I rosolic acid. These substances are taken up by the cell from very 

I dilute solutions and accumulate in the cell sap so that the concentra- 

I tion inside the cell must be much higher than that of the external 

I solution. Thus methylene blue diffuses into the root hairs of Trianea 

I hogotensis and the outer cells of the root of Lemna minor among others, 

I so as to give a deep blue colour to the cell sap even when the solution 

I of the dye presented to the cells is as dilute as o*ooo8 per cent. In 

some cases some of the dye does not accumulate in the vacuole in 
solution, but in the form of a blue precipitate as in the root hairs of 
I . Azolla caroliniana and in Spirogyra communis. When this is the case, 

( continued immersion in the dye may lead to accumulation of the dye 
in solution in the cell sap in addition to the precipitate, as observed 
by Pfeffer in Zygnema cruciatum. The blue precipitate appears to be 
a compound of the dye with tannin, and accumulation of the dye in 
solution in the vacuole apparently only takes place when all the tannin 
present has combined with the dye. Pfeffer supposes the accumulation 
of the dye in solution in the vacuole is due to the formation of an 
undetermined soluble compound of methylene blue with some sub- 
stance or substances present in the cell sap, and that the cell mem- 

' In the English edition of Pfeffer’s Physiology of Plants, 1 (1900), pp, 94, 
97, where these observations of Pfeffer are suiumarised, this dye is most 
unfortunately referred to as methyl blue, a dye which Pfeffer showed was 
incapable of penetrating into the cells he examined. In Pfeffer’s original paper 
an uhrortunate misprint occurs, methylene blue being included in the list of 
dyes winch penetrate plant cells and also in the list of those which do not. 
The body of the paper makes it quite clear that in the latter case “methylen- 
blau” is a misprint for "methylblau." 
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branes are impermeable to the substance produced. There may, of 
course, be a number of different substances present in the cell capable 
of forming non-diffusible compounds -with methylene blue or other 
dyes, but the only substance in addition to tannin which has so 
far been recognised as capable of this appears to be phloroglucinol 
(Waage, 1890; Klemm, 1892). It might also be possible to account 
for the accumulation of the dye in the cell sap by adsorption. If this 
were so, one would expect the highly colloidal protoplasm to play 
a greater part in adsorbing the dye than the less highly colloidal cell 
sap. Nevertheless in the case of methylene blue no appreciable 
coloration of the protoplasm by the dye is observable, but on the 
other hand, rosolic acid was observed to enter the protoplasm so that 
the latter became visibly coloured, whereas no accumulation of the 
dye in the vacuole was observed. All the other dyes recorded above 
as entering the cell both accumulate in the vacuole and stain the 
protoplasm. How such “vital staining,^ that is, the staining of 
living cells by the accumulation of dye ("intra-vitam stain") in the 
cell, takes place, will be considered in a later chapter. 

With nigrosin, aniline blue, methyl blue, marine blue, aniline grey, 
eosin and congo-red, no visible intake of the dye into living cells 
could be observed, although penetration may be rapid enough into 
dead cells. Even after three days’ immersion in a i per cent, solution 
of aniline blue or a 0-5 per cent, solution of nigrosin no coloration was 
observable of the cell sap of (?) root hairs of Trianea bogoiensis 
immersed in these very densely coloured solutions, and the cells were 
uninjured. Similarly indigo-carmine when presented to Spirogyra 
setiformis and Trianea in 07 per cent, solution, was not absorbed 
even after four days; even the cell walls were not stained and the 
cells remained alive. 

Apparently none of the dyes examined by Pfeffer are absorbed 
either by the nucleus or chromatophores if the cell remains alive. 
Only after the death of the cell can the nucleus become stained, 
and methylene blue, for example, can then be absorbed by the nu- 
cleus. But Campbell (1888) working in Pfeffer’s laboratory showed 
a little later that the nucleus of living cells can be stained by some 
dyes, as for example, dahlia and mauvein. Other cases have since 
been recorded by Lauterborn (1893) and Palla (1893), for example. 
This possibility was fully recognised by Pfeffer, who pointed out that 
indigo-carmine had been shown to stain the nuclei of living kidney 
cells (Heidenhain, 1874), while different kinds of cells may vary in 
regard to the staining of bodies contained in them. Thus the micro- 
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Somes in Trianea are usually intensively stained, while those of Sapro- 
legnia and Momordica remain uncoloured. . 

This method has been much used to obtain information in regard 
to the mechanism of absorption and permeability, as, for example, 
by Overton (1899, igoo) who concluded that those dyes are absorbed 
by the cell which are soluble in lipoid substances, and Ruhland 
{1(^0% a, h, 1909 «) who at one time held that the uptake or non- 
uptake of a dye by living cells depends on whether the dye is basic 
or acid^ respectively. This view was combated by Hober (1909) who 
had shown that a number of acid dyes were capable of staining the 
epithelial cells of the kidney. Ruhland supposed that the cell might 
be permeable to the acid dyes but that the}^ combined with no cell 
constituent and so were not accumulated in the cell and consequently 
did not stain it sufficiently for the dye to be visible. The recent work 
of Collander (1921) indicates however that certain sulphonic acid 
dyes examined by him do not enter a variety of plant cells to any ap- 
preciable extent. Thus most cells placed in solutions of cyanol extra, 
orange G, methyl orange, Ponceau R and wool violet S for 24 hours 
or more became coloured with the dye to only | to of the depth 
of colour of the external solution, while analysis of the external solu- 
tion showed that this was the true explanation and that the dye was 
not absorbed and so not accumulated in the cell as a colourless com- 
pound of dye with a cell constituent. 

Certain cells, however, were shown by Collander to be capable of 
accumulating these sulphonic acid dyes. Such are the cells surround- 
ing the vascular bundles of the perianth leaves of a white flowering 
variety of Hyadnthus orientalis, and similar cells in a white flowered 
variety of Tulipa Gesneriana, a fact discovered by Rohde (1917). 

A variant of the method was introduced by Kiister (1911), who 
investigated the absorption of dyes from the cut surfaces of shoots 
or other organs immersed in a solution of dye. He found that a num- 
ber of acid dyes were capable of passing into and staining cells when 
introduced to the cells in this manner. This conclusion was confirmed 
by Ruhland {igi2 a, b) who also found that out of 30 basic dyes 
tested several were not absorbed by the bulb scales of the onion, 
namely, Victoria blue 4R and B, Easier blue R and BB, gallamin 

^ A basic dye is one in wMcli the radicle to which the colour is due is a base. 
Thus Bismarck brown is the colour base triamidoazobenzene 
NH2C,H4N : NG5Hs(NH2)g ; 

it is generally used as the hydrochloride. Similarly, in an acid dye the radicle 
to which the colour is due is an acid. Congo-red is such a case, in which the dye 
as used is generally the sodium salt of the acid. 


6 


Walter Stiles 


blue and night blue, while two were absorbed only slowly, namely, 
diazin green and Victoria blue R. 

The significance of these results in regard to the mechanism of 
cell permeability will be dealt with in a later chapter. 

This method is obviously chiefly useful as affording a qualitative 
test of the penetration of dyes into plant cells, and although it fur- 
nishes indisputable evidence of the entrance of a penetrating dye, it 
is not safe to use it as evidence of the non-penetration of a dye when 
the cell sap remains uncoloured. Nor is the method a very suitable 
one for quantitative measurements. N evertheless, Collander has made 
it so by mounting sections of tissue immersed for a certain time in 
the dye in solutions of the dye of different concentrations and so com- 
paring the colour of the section with that of the surrounding solution. 
The solution the colour of which appeared of the same depth as that 
of the section is taken as having the same concentration as the dye 
in the cell sap. In this way Collander showed that after immersion 
in quite strong solutions of sulphonic acid dyes, the concentration of 
the cell sap in regard to dye is usually only a fraction of that of the 
external solution. 

(ii) Acids and alkalies. If the cell should contain a substance 
which acts as an indicator for acid or alkali, the passage of substances 
belonging to one or other of these groups can be detected by the change 
in colour of the sap. De Vries (1871 a, b) observed the permeability 
of the cells of the root of red beet to ammonia by the change in colour 
of the pigment in the cells from red to blue. 

Pfeffer (1877) extended this observation to other plant cells with 
coloured sap, such as the petals of flowers of Pulmonaria and the 
staminal hairs of Tradescantia, and showed that such cells are readily 
permeable to acids, including weak acids such as carbonic, acetic, 
tartaric and phosphoric acids, and to alkaline hydroxides as well as 
ammonia. If the reagent is used in dilute enough solution and the 
tissue well washed with water soon after treatment so that the acid 
or alkali is quickly removed, the original colour of the sap may return 
and the cell apparently suffer no injury by the treatment, 

Haas (1916 a) fordid a number of tissues suitable for examining 
the permeability of acids and alkalies by this method, these tissues 
including the petals of BrowalUa s^eciosa, Pelargonium and Hyacin- 
thus orientalis, van Queen of the Blues, and the root of red radish. 
The rate of penetration of a number of acids and alkalies through 
these tissues was compared, the substances being used (i) in a concen- 
tration of O'Oi N, and (2) in such a concentration that the hydrogen- 
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ion or hydroxyl-ion concentration was o-oi N. In the former 
series and with BrowalUa petals the order of alkalies was ammonium 
hydroxide, sodium hydroxide and potassium hydroxide, while the 
order of acids was salicylic, benzoic, trichloracetic, formic, hydro- 
chloric, nitric, sulphuric, phosphoric, oxalic, tartaric (lactic, citric), 
acetic. The acids included in a bracket penetrated at the same very 
slow rate while the rate of penetration of acetic acid was extremely 
slow. The order of acids in the case of Hyacinthus perianth was much, 
but not quite, the same. In the second series, on the other hand, in 
which the acids were used with the same hydrogen-ion concentration, 
the order of penetration was quite different, acetic acid penetrating 
most rapidly of all the acids examined. 

More recently Brenner (1918) has recorded observations made by 
this method, the tissue used being principally h5q)odermal cells of 
red cabbage and staminal hairs of Zebrina pendula. His conclusions 
are not identical with those of Pfeifer. Various acids, namely, hydro- 
chloric, nitric, sulphuric, phosphoric, citric, malic, tartaric and oxalic 
acids, are stated to penetrate the undamaged protoplasm very slowly 
if they are presented in low non-toxic concentrations, while the some- 
what higher concentrations, from which the acids enter more rapidly, 
injure the cell, which apparently accounts for the greater ease of 
penetration. The vitality of the cell after such treatment can be 
tested by plasmolysis and deplasmolysis, and, if the cells are suitable, 
by protoplasmic movement. 

Bethe (1909), Warburg (1910) and Harvey (1911) have extended 
the method to colourless cells by first allowing the intra-vitam stain 
neutral red to penetrate the cells, which are thus stained red. Neutral 
red is an indicator, changing colour to yellow in alkaline medium. 
By this means Harvey showed the rapid penetration of ammonia and 
amines, whereas the strong bases diffused much less readily into 
living cells, and even their entrance might have been due to their 
toxic action rendering the cells more permeable. 

(iii) S alts other than dyes. If a cell contains a substance with which 
a salt reacts to give either a precipitate or a different colour, the pene- 
tration of the salt into the cell can be observed by means of the for- 
mation of the precipitate or colour. Thus C. Darwin (1875) showed 
the penetration of ammonium carbonate into the root of Euphorbia 
pephis by the cloudy appearance produced in the cells. The aggrega- 
tion produced by the same salt as well as by ammonium acetate and 
a number of other nitrogenous substances in the tentacles of Drosera 
was attributed by Darwin to the penetration of the salt or other 
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dissolved substance into the cells. Again if a cell contains soluble 
calcium salts, the entrance of a soluble carbonate or oxalate will 
result in the formation of a precipitate of the corresponding calcium 
salt. In this manner Pfeffer was able to show the permeability of 
cells to ammonium carbonate. Conversely if a cell contains soluble 
Oxalates or carbonates, the permeability of the cell to calcium salts 
can be similarly determined. Osterhout (1910) showed that root 
hairs of very young seedlings of Dianthus harbatus formed crystals 
of calcium oxalate when the roots were in a solution of a calcium salt, 
but not otherwise. The following solutions were used : 0-005 M calcium 
sulphate, 0*005 calcium nitrate, 0-005 M calcium chloride, 
0*0001 M calcium hydrate, dilute artificial sea water and tap water. 
Crystals of calcium oxalate made their appearance in root hairs of 
Dianthus barbatus within four hours at 30'’ C. after immersion in the 
solutions, and in the case of calcium sulphate in 1-5 hours. 

The penetration of iron salts into cells rich in tannin is rendered 
visible in the cell by the production of a blue colour. By the use of 
this test Miss Williams (1918 b) was able to show that hypodermal 
cells of the leaf stalks of London pride {Saxifraga umbrosa) are nor- 
mally impermeable to ferric chloride, but that after treatment with 
various electrolytes the protoplasm becomes permeable to ferric 
chloride which enters the cells at such a rate as to give a definite blue 
colour within three minutes, whereas before treatment such a colora- 
tion is not produced after immersion for two hours in this salt. 

The absorption of copper salts by a tree of Quercus macrocarpa 
was recognised on account of the metallic copper which accumu- 
lated in the cells (cl MacDougal, 1899). Accumulation is made pos- 
sible in this case by the reduction of the copper in the penetrating 
salt to metallic copper, so that equilibrium between the copper salt 
inside and outside the cell is not reached and endosmosis of the salt 
therefore continues. 

(iv) Sugars and Glycerol. The penetration of glucose, sucrose and 
glycerol into the cells of water plants such as Lemna, Elodea and 
Potamogeton, can be demonstrated by the formation of starch from 
the absorbed sugars or glycerol mside the cells (Boehm, 1883 ; Meyer, 
1886; Acton, 1890). The absorption of the sugar or glycerol takes 
place in the dark, while in control experiments with the same plants 
not provided with sugar or glycerol, no starch is formed. 

Ruhland (1911) used this method to examine the permeability 
of the cells of sugar beet leaves to a variety of sugars. He found that 
raffinose, sucrose, maltose, glucose, fructose, certainly entered the 
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cells, as starch was formed in considerable quantities when the leaves 
were provided with these sugars in the dark. Galactose, mannose, 
sorbose, rhamnose and glycerol also entered the cells as indicated by 
the formation of starch, but no starch was formed in leaves provided 
with arabinose, xylose, erythrite, mannitol or dulcitol. However, this 
is not evidence of non-penetration of these substances, as the leaf 
cells may not be able to utilise them in the production of starch. 
The value of similar evidence for the penetration of formaldehyde 
is slight (Spoehr, 1916; Jorgensen and Stiles, 1917). 

(v) Other substances. A number of substances not included among 
the classes already mentioned will combine with some constituent 
of the cell sap to produce insoluble substances which thus become 
visible in the cell as precipitates. The penetration of the purine 
caffeine into cells was noted in this way by Pfeffer, the caffeine pro- 
ducing a precipitate with tannin contained in the cell. The per- 
meability of antipyrin was observed in the same way by Pfeffer. 

Similarly the penetration of substances producing colour in the 
cell can be observed. Thus Miss Williams (1918 a) has shown 
that living mycelia of Penicillium glaucum and Oidium lactis can 
absorb gold from colloidal solution, but that the gold is absorbed and 
retained by the cell walls which are stained blue. 

2. Determination of Permeability by Means 
OF Microchemical Tests 

The entrance of many substances into the cell can be made evident 
by treating the cell afterwards with some microchemical reagent 
which can be used as a test for the particular substance under examin- 
ation. By this method Janse (1887 h) investigated the permeability 
of a number of plant cells to potassium nitrate. Following this 
substance the cells were treated with diphenylamine which gives 
a blue colour with nitrates (Molisch, 1883). Cells of Chcetomorpha 
aurea, Spirogyra nitida, S. crassa, S. communis, Tradescantia discolor. 
Curcuma ruhricaulis and Stratiotes were all found to be permeable 
to the inward passage of potassium nitrate. Wieler (1887) performed 
similar tests with seedlings of Phaseolus multiflorus, Vida Faba and 
Helianthus annuus, testing in addition for potassium in the plants 
with platinic chloride with positive results. This method is obviously 
capable of wide extension as a qualitative test of permeability and 
absorption. It does not lend itself in its present form to quantitative 
measurements of either. 
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3, Determination of Permeability by Analysis 
OF THE Expressed Sap of Cells and Tissues 
OR OF Cell OR Tissue Extracts 
Investigations of cell permeability by analysing the expressed sap 
of the plant material used after immersion in the experimental liquid 
have been made by a number of authors. The method is generally not 
applicable to single cells as only rarely can enough liquid be obtained 
from a single cell for the purposes of analysis, and in the case of cells 
forming part of tissues the individual cells cannot, of course, be 
separated from one another. Nevertheless, in two cases at least the 
method has been applied to single cells, Wodehouse (1917) made 
determinations of the permeability of single cells of the marine alga 
Valonia by this method. The "cells^” of this plant are so large that 
I to 2 c.c. of sap can be pressed out from cells of normal size, and 
up to 5 c.c. from large cells. Qualitative examination showed that 
potassium was much more abundant in the vacuole than in the sur- 
rounding medium (sea water), sodium and calcium were both present, 
but not more than a trace of magnesium although this occurs in 
some quantity in sea water. Chloride was present in high concentra- 
tion in the cell sap, but sulphate was absent although it occurs in 
fairly high concentration in sea water. Conversely nitrate was found 
in the vacuole, whereas in sea water there was not enough to be 
detected by the qualitative tests employed^. The cell wall appears 
to play no part in the selective absorption thus demonstrated, for if 
living cells are killed and then replaced in sea water sulphates are 
soon present inside the cell. 

The same method has recently been advocated for testing the pene- 
tration of dyes into living cells of Nitella (Irwin, 1922 a, b). The cells 
are so large that sufficient sap can be pressed out from a single cell 
for a colorimetric determination of the concentration of the dye that 
has penetrated into the cell. In this way it is held that quantitative 
investigation on the permeability of these cells to dyes is possible. 

A method employed by Janse (1887 b) for testing the permeability 
of Spnogym cells to potassium nitrate consists essentially in testing 
an extract of the cells with diphenylamine. Filaments of the alga, 
after immersion for various times in potassium nitrate solution, were 
made to burst in water containing diphenylamine. If the time of 
immersion of the Spirogyra in potassium nitrate solution had been 

i V ahnia is a ccenocyte and tha compartments are not regarded as true cells. 

® These results have recently been confirmed by . quantitative analysis 
(Osterhout, 1922 fl). 
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sufficiently long a blue coloration was produced indicative of the fact 
that nitrate had diffused into the cells previously. The result of the 
test was negative if the time of immersion in the nitrate was short. 

The analysis of tissues, expressed sap and extracts of tissues has 
been used considerably as a test of permeability. Hius Nathansohn 
(1903) made analyses of the expressed sap of the marine alga Codium 
after immersion in a solution of sodium nitrate and was in this way 
able to obtain data with regard to the penetration of sodium and 
nitrate ions into this plant. Paine (1911) used the same method to 
investigate the permeability of yeast cells to inorganic salts, and con- 
cluded that the slight intake he observed was entirely due to adsorp- 
tion of the salt by the cell wall. 

Analyses of whole plants growing in soil, water culture and other 
media have afforded much information with regard to the relative 
intake of different substances by living normal plants. The long series 
of ash analyses of various plants made by Wolff (1864-1880) and 
others has shown that compounds of potassium, sodium, calcium, 
magnesium and iron, and compounds containing chlorine, sulphur, 
phosphorus and silicon are present in considerable quantity in prac- 
tichlly all plants examined, and it must be therefore concluded that 
such compounds are capable of penetrating into the cells of plants. 
Aluminium and manganese also appear to be regular constituents of 
plant ash, though often in very small amount, so it must be supposed 
that compounds containing these substances are capable of pene- 
trating through the cell membranes of plants. The relative quantity 
of these various ash constituents varies however in different species 
(cf. for example, Grandeau and Bouton, 1877), and the differences 
cannot be correlated with differences in composition of the medium 
from which the plant obtains its ash constituents, although plants of 
the same species can take in more of any particular constituent from 
a medium which is rich in the constituent than from a medium poor 
in it (cf. Malaguti and Durocher, 1858, for the case of calcium). 

Apart from the work of Salm-Horstmar (1851, 1856) with soil 
cultures and Sachs (i860, 1861) and Knop (i860) with water cultures, 
directed to determine the elements essential for plant nutrition, the 
work of Maz6 (1913 a, h, 1914), Monnier (1905), Ddleano (1907, 
1908 a, h) and Pouget and Chouchak (1913) deserves mention in this 
place, as these authors have used the method of chemical analysis to 
determine the intake of different mineral constituents at different 
stages in the development of the plant. Their results were obtained, 
however, from the point of view of the part played by inorganic salts 
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in the’ development' of the plant, and have only a passing interest 
if om the point of view of permeability. 

The chemical analysis of the whole plant can, of course, also be 
employed as a test of the permeability of the cells to substances other 
than salts. Thus Boufget (1899) showed that members of the Liliacese 
and Chenopodi'acese were able to absorb considerable quantities of 
■ iodine through their roots, while the cells of the roots of potato were 
apparently impermeable to this element. Similarly, it is well known 
that'some marine algae absorb iodine from sea water to such an extent 
that They have been used as a commercial source of that element. 
By direct analysis Stoklasa, §ebor, Tymich and Cwacha (1922) have 
shown that aluminium ions are absorbed by the hydrophytes Gale- 
opsis versicolor and Caltha palustris and the mesophytes Dactylis 
glomerata and Festuca pratensis, but scarcely by the xerophytes 
Sesleria ccerulea axidi Anthyllis Vulneraria. 

Brooks ■ (1917 a) raises the objection to this method that the 
quantity of substance found by analysis of tissue extracts includes 
any of the substance held in the cell walls and intercellular spaces. 
It is clear that the method cannot be used as a method for the quanti- 
tative measurement of permeability of the cell membranes, as other 
factors, namely, adsorption and chemical action, may influence the 
quantity and rate of absorption of the substance. When expressed 
sap is analysed there is the additional objection that it is difficult to 
obtain a reliable sample of sap, although this difficulty can apparently 
be overcome by suitable methods of extraction (cf. Chapter IX). 

4, Determination of Permeability by Visible 
Changes in the External Medium 

Visible changes in the external solution can be used in some cases 
as a test of the permeability of the ceU membranes to substances 
contained in the cell. Thus when the cell sap contains a pigment the 
‘diffusion of this out of the cell can be observed by the coloration of 
the external liquid as soon as sufficient of the pigment has exuded, 
and the quantity that has passed out from the cells or tissues em- 
ployed can be estimated colorimetrically (cf. Stiles and JjZ^rgensen, 
1917 a). If the external solution should contain an indicator, the 
'diffusion out of acids or alkalies can similarly be observed, while if 
any of the constituents df the' cell sap should give a precipitate or a 
colour reaction with a substance present in the external liquid, the 
exosmosis of this -constituent can be similarly observed. The disad- 
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vantage of this method of studying exosmosis is that the quantities 
of diffusing substances may be too small for determination. 

The change in colour of a solution of a dye external to the. cells 
or tissue can similarly be used to determine the absorption of the 
dye, and by colorimetric estimation the method may be made quanti- 
tative. The chief objection that can be levelled against this means of 
determining intake is that a substance diffusing out from the .tissue 
might react with the dye to produce a colourless or differently 
coloured substance, so that a decrease in the intensity of the colour 
of the external solution might not be due actually to an absorption 
of the dye by the tissue. That this may happen in some cases appears 
to be suggested by an observation of MissRedfern (1922 h) to the effect 
that a solution of congo-red deepens in colour after disks of carrot root 
are immersed in it for some time. As such a deepening, of colour does 
not occur in a solution of the dye to which no tissue has been added, 
the only possible explanation appears to be that the colour is altered 
by the exosmosis of some substance from the tissue. A more serious 
difficulty arises from the fact that the dye may be absorbed by the 
cell walls and never reach the protoplasm or vacuole. While this 
appears to be the case sometimes, it is not always so, and clearly 
observations by this method are free from objection if supported by 
others following the first method described in this chapter. 

5. DETERMIN.4.T10N OF Permeability by Chemical Analysis 
OF THE Medium External to the Tissue 

This method is similar to the one previously described, but as a 
quantitative method of determining absorption it is as a rule more 
refined. It has found considerable use as a method of investigation 
of cell permeability and intake or excretion. A decrease in the con- 
centration of a substance in the external solution indicates absorption 
of the substance by the cells or tissue while increase in its concentra- 
tion indicates exosmosis. As a qualitative test of permeability and a 
quantitative measurement of absorption and excretion the method is 
open to the same objections as that just described. It cannot be used 
quantitatively for measuring permeability any more than other 
methods described previously in this chapter. 

Information relating to absorption of . salts has been obtained by 
this method by a number of workers, both entire plants and pieces 
of tissue having been used. Among those who have, worked with the 
former may be mentioned particularly Demoussy (igoo) who deter- 
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mined the relative absorption of potassium and ealcium by wheat 
and maize, Colin and de Rufz de Lavison (1910 a, h) who investigated 
the absorption of barium, strontium and calcium, Pantanelli {1915 a, 
h, c, 1918) and Pantanelli and Sella (1909) who paid particular atten- 
tion to the unequal absorption by a number of species-of the two ions 
of the same salt, and Miss Redfem (1922 a) who investigated the same 
problem critically in the case of the absorption of calcium chloride 
by the edible pea and maize. The absorption of glucose by the roots 
of the latter plant was shown by Laurent {1897). 

Absorption of salts by disks of storage tissue was examined by 
Nathansohn (1903, 1904 a, b), Meurer (1909) and by Ruhland (1909 b). 
The results obtained by these various workers will be dealt ^th in 
the next chapter. 

The exosmosis of any particular substance can, of course, be 
examined by this method. Thus it has been shown that sugars, chiefly 
sucrose, can diffuse out of the ceils of the leaf of the sugar beet when 
they are immersed in water (Puriewitsch, 1898; Ruhland, 1911). 

6. Determination of Permeability by Measurement of the 
Electrical Conductivity of the External Solution 

The exosmosis of electrolytes from plant tissue into a surrounding 
medium consisting of pure water or a solution of a non-electrolyte 
will result in an increase in the electrical conductivity of the external 
solution. Measurement of the electrical conductivity of the latter can 
therefore be used as a criterion of the permeability of the cell mem- 
branes to the electrolytes of the cell. The method cannot of course 
be used to determine the exosmosis of any particular electrolyte, 
but it can be used for approximate quantitative determinations 
of exosmosis by assuming the electrical conductivity of the ex- 
ternal solution to be a measure of the concentration of electrolytes 
in the solution. This is, of course, only approximately true, since the 
mobilities of different ions are different and with increasing concen- 
tration of the electrolytes the degree of dissociation will decrease, 
and the electrical conductivity is dependent on the mobilities of the 
ions and the degree of dissociation. However, with the exception 
of hydrogen and hydroxyl ions, the mobilities of ions likely to diffuse 
out of plant cells do not differ greatly among themselves, while the 
degree of dissociation will not be depressed greatly in the dilute 
solutions likely to be involved. If this external solution contains a 
non-electrolyte the presence of this will depress the conductivity. 
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and in comparative experiments allowance may have to be made for 
this (Stiles and Jp'rgensen, 1917 «). 

Using this method Briggs and True and True and Bartlett (1912) 
showed the excretion of salts into distilled water by the roots of seed- 
lings ot Lupinus albus and field peas, while Stiles and Jprgensen 
(1917 <3;) investigated the influence of a number of organic substances 
on the exosmosis of electrolytes from potato tuber tissue. 

The method is also usable within limits to determine the intake 
of electrolytes by plant tissue. Here a complication arises because 
intake of the salt by the tissue and excretion of electrolytes by the 
tissue will influence the conductivity in different directions. Inter- 
action of the exudate and the constituents of the external solution 
may also be a disturbing factor. Results obtained may thus be some- 
times very difficult to interpret (Stiles and Jorgensen, 1915 «). 
Nevertheless, by allowing for the exosmosis it may be possible to 
obtain quantitative results as has been done in regard to the absorp- 
tion of a number of salts by carrot root by Stiles and Kidd (1919 a, h), 
who have pointed out the causes making for a fall or rise in the con- 
ductivity in the external solution, and have shown that in the results 
published by them the values obtained can be taken with confidence 
as minimum values for absorption. These results will also be dealt 
with in the following chapter. 

7. Deiermination of Permeability and Absorption by 
Means of Electrometric Measurements with the 
Hydrogen Electrode 

The exosmosis of acids and alkalies can be determined by mea- 
suring the concentration of the hydrogen ions in the external solution 
by means of the hydrogen electrode. A description of the method and 
the various forms of electrodes that have been devised will not be 
entered into here; those interested should consult the recent work 
of Clark (1920) in which the measurement of hydrogen ions is ade- 
quately treated. Similarly the absorption of hydrogen or hydroxyl 
ions from an acid or alkaline solution can be determined. The method 
has been used for measuring the absorption of hydrogen, ions from 
dilute solutions of hydrochloric acid by Stiles and Jdrgensen (1915 6), 
and of a number of other acids by Miss Hind (igi6). 
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8. Determination of Permeability and Absorption by Colori- 
metric Estimation of the Hydrogen Ion Concentration 
OF THE External Solution 

Changes in the concentration of hydrogen ions in the external 
solution can also be determined colorimetrically by the indicator 
method (see Clark, 1920). The scope of the method is exactly the 
same as . the preceding, although the results obtainable are not so 
accurate. Using this method Haas (igi6 h) has shown that no excre- 
tion of acid apart from carbonic acid takes place from the roots of 
maize and wheat dipping into distilled water. No excretion of alkali 
occurs in the case of maize, while with wheat there is only a, very 
slight increase in the alkalinity of the water after the roots had 
decayed. 

9. Test of Permeability by Metabolic Action 
While ash analyses have shown what substances are normally 
absorbed by plants, growing plants on artificial media of known, com- 
position has shown which elements are necessary for normal growth. 
If such an element is supplied to a plant in only one compound and 
the plant grows healthily so that its metabolism is normal, it follows 
that that substance must be able to penetrate into the plant. Thus 
it has been shown that although nitrogen is most suitably provided 
to most higher plants in the form of nitrates, in many cases other 
nitrogen compounds are readily absorbed. Thus ammonium salts, 
urea, various amino-acids such as glycine, asparagine, leucine and 
tyrosine, uric and hippuric acids, acetamide and propylamine are 
among nitrogen compounds that have been shown to be absorbed by 
various species by means of the continued growth of the plants when 
supplied with no other source of nitrogen. The literature dealing with 
the possible sources of nitrogen for Fungi and Bacteria is enormous 
and cannot be entered into here. 

The penetration of inorganic salts through the leaves of 
and other plants was shown, in this way. by supplying the roots with 
nothing but water and spraying the leaves with a solution of nutrient 
salts, or by immersing them in the solution (Dandeno, 1901). 

The healthy growth of algae such as Nostoc (Bouilhac, 1897) and 
Stichococcus (Artari, 1901; Matruchot and Molliard, 1902) in the dark 
on solutions containing glucose or other organic sources of carbon 
indicates the permeability of the cell membranes to the sugar or 
other organic nutrient. 



Permeahility vj 

In a similar way the unhealthy development or the death of a 
plant may be taken as evidence of the penetration into it of a poison- 
ous substance if this is present in the external medium in addition to 
all the necessary nutrients. The test is equally legitimate if the pre- 
sence of a dispensable substance in the external medium should have 
a stimulating effect on the plant and bring about a development above 
the normal. Thus the penetration of copper salts into roots of cereals 
and other plants has been made abundantly clear from the work of 
Phillips (1821) and many later writers, particularly Otto (1893), Coupin 
(1898), Kahlenberg and True {1896), Copeland and Kahlenberg 
(1900), True and Gies (1903) and Miss Brenchley (1910) among others. 
In a similar way the absorption of compounds of zinc, arsenic, man- 
ganese and boron has been shown, for a review of the work on which 
the reader is referred to the paper and book of Miss Brenchley 
(1914 a, b) dealing with the effect of these substances on plant growth. 
In Miss Brenchley’s book will be found abundant references to the 
literature of the subject. Even compounds of the alkali metals 
(Coupin, 1901) have been shown to penetrate the roots of cereals by 
their harmful effect on vegetative development. The penetration of 
cyanides has been indicated in the same way (Brenchley, 1917). 

Since this method can only afford a qualitative test of permeability, 
and has done so only incidentally, it is not worth while to deal with 
it in any greater detail here. It must, however, be pointed out, that 
the toxicity of a substance may indeed be a clear indication that it 
reaches the protoplasm, but it is no indication that the substance 
has the power of passing through the protoplasm before the pro- 
perties of the latter, in respect of permeability, have been com- 
pletely changed by the action of the substance. The test of toxicity 
is perhaps the least useful of all the tests of permeability. 

10. Plasmolytic Methods 

Concentration required to produce plasmolysis. It has already been 
pointed out in Chapter IX that a solution of a substance incapable 
of penetrating into the cell which just does (or just does not) produce 
plasmolysis, is, on the simple osmotic view of the cell, isotonic with 
the cell sap at the moment when plasmolysis is just about to com- 
mence. It must be pointed out, however, that if the sustance pene- 
trates the cell sap but is immediately withdrawn from solution to 
form an insoluble compound, plasmolysis may still occur if the quan- 
tity of salt withdrawn from the external solution is insufficient to 
alter materially the concentration -of the external solution. It is not 
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even necessary that an insoluble compound should be formed so long 
as the new combination of substances in the vacuole does not exert 
any higher osmotic pressure than previously. That such possibilities 
are by no means to be ignored is made very clear from the work of 
Pfeifer on the penetration of dyes described earlier in this chapter. 
Similarly, Stiles and Jorgensen (1917 h) have shown that storage 
tissues actually plasmolyse in solutions of common salt and remain 
so for 20 hours or more, while Stiles and Kidd (1919 a, h) have shown 
that sodium chloride.is actually absorbed with some rapidity by such 
tissues. 

But if such complication does not enter into the case, the pene- 
tration of a substance into the cell will raise the osmotic concentration 
of the cell sap, and hence the external solution will no longer be able 
to effect plasmolysis. In order to bring this about a higher concen- 
tration of the solution will be necessary, and even then, if the entrance 
of solute continues the cell will recover from plasmolysis. 

If then the osmotic concentration of a substance required to 
produce plasmolysis is higher than that required in the case of a 
substance which is known not to penetrate the cell, it may be con- 
cluded that the former substance penetrates the cell. 

Sucrose is generally chosen as a substance which penetrates the 
cell extremely slowly or not at all, and it is fortunate that the values 
of the osmotic pressure of this substance are more firmly established 
than those of other substances. The concentrations of other substances 
isotonic with sucrose solutions have been determined chiefly by in- 
direct methods, such as calculations from the freezing point lowering, 
or from determinations of the electrical conductivity, as very few 
direct determinations of osmotic pressure of substances other than 
sucrose have been made (cf. Chapter VI). If the isotonic coefficient 
found for a substance by the plasmolytic method is lower than that 
found by direct measurement or by calculation from other physico- 
chemical data, it is concluded that the cells used for the determination 
of the coefficient are permeable to the substance examined. 

In this way de Vries (1888 «, 6, c) showed that to produce plasmo- 
lysis of the cells of Spirogyra nitida a solution of glycerol was necessary 
of considerably higher concentration than that isotonic with a solu- 
tion of sucrose which would produce plasmolysis. This method was 
later extended to a large number of diflerent cells, and it was found 
that glycerol is very generally permeable to plant cells, although 
there are exceptions. Thus de Vries showed that the cells of the bud 
scales of Begonia maniofda are impermeable to glycerol and also to 
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urea (de Vries, 1889 h). Later Overton (1895) tested the plasmo- 

lytic action of a large number of substances, and with many was 
unable to bring about plasmolysis at all, notably with the alcohols 
of the fatty series, various narcotics (ether, chloral hydrate) and other 
organic substances. 

“Permeability Coefficients.” By determinations of the concentra- 
tion of penetrating substances required to produce plasmolysis and 
the concentrations of a non-penetrating substance required to pro- 
duce plasmolysis of the same cells, Lepeschkin (1908 a) and Trondle 
(1909, 1910) claim to be able to obtain values termed “permeability 
factors" by the former and “permeability coefhcients" by the latter> 
which are measures of the permeability of the cell. Thus let it be 
supposed that the osmotic pressure of a non-penetrating substance 
that just brings about plasmolysis is Pq while the osmotic pressure 
of the penetrating substance required to effect plasmolysis is P. The 
osmotic pressure of the penetrating substance isotonic with the solu- 
tion of non-penetrating substance is also Pq. As P is greater than Pq, 
it follows that the isotonic coefficient of the penetrating substance 
determined by plasmolysis will be less than that obtained by direct 
measurements of the osmotic pressure with a perfectly semi-per- 
meable membrane, or that calculated from determinations of the 
osmotic pressure from other physico-chemical data. 

If « is the true isotonic coefficient calculated from physico- 
chemical data and i' is the isotonic coefficient obtained by the plasmo- 
lytic method with the particular cells and substance under investiga- 
tion, the permeability factor or permeability coefficient is given by 



and this permeability factor or coefficient is held to be proportional 
to the permeability of the cells employed to the particular substance. 

It is difficult to understand how such considerations can lead to 
results having any definite quantitative significance. We have ob- 
served that the reason why a higher osmotic concentration of a sub- 
stance that penetrates is required to effect plasmolysis than of one 
which does not, is because some of the dissolved substance immedi- 
ately enters the cell and so increases the osmotic concentration of 
the cell sap. The difference between the osmotic concentration of a 
penetrating and a non-penetrating substance required to bring about 
incipient plasmolysis ,is therefore a measure of the amount of sub- 
stance which has entered the cell between immersion in the solution 
of the penetrating substance and the moment of observation. The 
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entrance of substance commences the instant the cells are placed in 
the solution but no doubt takes some time, and probably some very 
considerable time, before equilibrium is attained. The apparent iso- 
tonic coefficient will therefore vary with the time that has elapsed 
before the plasmolysed cells are observed. This was indeed recognised 
by Trondle, but he appears to regard the lowering of the apparent 
isotonic coefficient which must result with increase in the osmotic 
concentration of the cell as indicating an increase in permeability. 
If the opinions of Lepeschkin and Trondle have been interpreted 
aright, the so-called permeability factors or coefficients could only 
be used as quantitative measures of intake if the apparent isotonic 
coefficients were determined after a definite and constant time of 
immersion of the cells in the solution. Even then exosmosis is neg- 
lected, and it must be assumed that the substance does not react 
with a ceU constituent. Defining the permeability of the cell to dis- 
solved substance as the quantity of the substance diffusing through 
unit area of the cell membranes in unit time when there is unit 
difference of concentration of the substance between the external 
solution and the ceU sap, it is clear that the method of permeability 
coefficients could not be used without modification and elaboration 
to give measures of the permeability of cells to dissolved substances* 

Recovery from filasmolysis. If a cell is plasmolysed by a hyper- 
tonic solution of a penetrating substance, the entrance of the sub- 
stance into the cell, provided no complicating factors are present such 
as removal of the substance into an osmotically inactive state, or 
excessive exosmosis, will increase the osmotic concentration of the 
cell sap, and in consequence the ceU wiU slowly recover from plasmo- 
lysis. Recovery from plasmolysis can thus be used as a test of per- 
meability, and has indeed been one of the favourite methods of in- 
vestigating permeability since it was first introduced. 

This method appears to have been first used by de Vries (1871 a) 
who showed the permeability of beet root ceUs to sodium chloride by 
its means. Later Klebs (1887, 1888) recorded the permeability of 
ceUs of Zygnema to glycerol on account of the recovery of cells of this 
alga from plasmolysis with a 10 to 20 per cent, solution of this sub- 
stance, Since then a number of attempts have been made to obtain 
quantitative data with regard to the entrance of salts and the per- 
meability of cells by means of plasmolytic data, and various methods 
have been devised which will now be described. 

Trondle’s Methods Trondle {1920) has attempted to adapt this 
method to the measurement of the quantity of a substance absorbed 
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in a certain time. Pieces of tissue assumed to be similar are 
placed in solutions of the substance of various concentrations, and 
the tissue examined at different times from the commencement of 
the experiment. The concentration of the substance in which plasmo- 
lysis is just visible is noted at each time. Then if after the lapse of 
10 minutes this concentration is xN and after the lapse of a further 
10 minutes yN, it is assumed that a quantity of salt has entered the 
cells of the tissue sufficient to raise the concentration of the substance 
in the cell sap by a quantity {y — x) N. This method, like other work 
of the same author, assumes that the external concentration of the 
substance has no influence on the rate at which it is absorbed, which 
indeed Trondle emphasizes is the case in salt absorption, an assump- 
tion the evidence in favour of which is very doubtful, and the evi- 
dence against which is very strong. 

Lepeschkin’ s Method. An attempt to obtain data with regard to 
the entrance of glycerol into cells of Spirogyra was made by Lepesch- 
kin (1908 a) in the following way. Cells were plasmolysed in asolution 
of sucrose, which is assumed not to enter the cells, and left in the 
solution for an hour, when their volume was measured. The sugar 
solution was then replaced by a solution of glycerol and the volume 
again measured after 0*5 hour and again after a further two hours in 
the glycerol solution. Then if the volume of the cell after the first 
0*5 hour is and after a further two hours V^, the quantity of 
glycerol which enters the cell in two hours is 


C (1^ 8 “ V.) 

1000 


gm.-mols., 


where C is the concentration of the glycerol solution in gm.-mols. 
and the volume is measured in c.c. . 

Lepeschkin defines the permeability as the ratio of the number 
of gram-molecules of the substance which pass through unit area of 
the cell membrane in an hour to the difference in concentration of 
the substance on the two sides of the membrane. If then the mean 
surface of the cells is S, the permeability is 

for the mean difference in concentration between the external and 
internal concentrations of the substance (glycerol) is 

2I T^j' ■ 
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that is 


{V, 






In this way Lepeschkin found values for the rate of entrance into 
the cells varying between 67 x io~® and 183 x io~® gram-molecules 
of glycerol per sq. cm. per hour in the case of glycerol penetrating 
into Spirogyra. These numbers are taken as direct measures of the 
permeability. 

Values of the “permeability factor” were also obtained from 
calculations of the apparent isotonic coefficient of glycerol made at 
the same time on the same cells as those used for direct determinations 
of the “permeability.” 

This was done in the following way. It will be recalled that the 
cells were first plasmolysed in sucrose (of concentration Q) and the 
volume of the cells measured after an hour. This volume is . The 
Cells were then transferred to a solution of glycerol of concentration 
C and the volume measured again after the lapse of 0-5 hour and 
again after the lapse of a further two hours, the two volumes being 
respectively Fg and Fg. Since the cell is increasing in volume at 
the rate of v v 

2 

per hour, its volume immediately after addition of the glycerol should 
have been . t/ t/ 


Hence the concentration of glycerol apparently isotonic with the 
sucrose used is t/ t/ 






and the apparent isotonic coefficient of glycerol is 

since i-88 is the isotonic coefficient of sucrose. 

Values of the “permeability factor” calculated in this way were 
found to be roughly proportional to the actual determinations of the 
permeability. Considering the very doubtful value of “permeability 
factors" it is surprising that the agreement should be as close as that 
actually found. 

Fitting’s Method. Fitting (1915) devised a method for esti- 
mating the intake of salts by the rate of deplasmolysis, using cells of 
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Tradescantia (Rhoeo) discolor. Similar cells which may be supposed 
to have the same osmotic concentration were plasmolysed in solu- 
tions of a salt of different concentrations. If the salt enters the cells, 
the latter deplasmolyse. Now a stronger solution will produce a 
greater degree of plasmolysis than a weaker solution, so that as cells 
that have been plasmolysed in the stronger solution deplasniolyse, 
a stage will be reached in which the degree of plasmolysis is the same 
as that originally produced in the weaker solution. During the time 
that elapses between the commencement of deplasmolysis and the 
reaching this less degree of plasmolysis, a quantity of salt must have 
entered the cells sufficient to increase the concentration of the salt 
in the cells by the difference in concentration between the weaker 
and stronger solutions. The degree of plasmolysis is measured by a 
rough estimate of the proportion of cells in the preparation which 
are plasmolysed, as, for example, one-half, or three-quarters. As 
there is no great precision in this mode of determining the degree of 
plasmolysis. Fitting’s method cannot be regarded as an exact one. 
It also does not take account of exosmosis from the cells, which Fitting 
supposes is eliminated or rendered negligible by a preliminary treat- 
ment with water, a conclusion which is probably not correct. Results 
obtained by its means by Fitting and Trondle will be dealt with in the 
next chapter. , 

Hofler’s plasmometric method. The principle of the method used 
by Hofier (1918 a, h, 1919) is the same as that of the preceding, but 
the degree of plasmolysis is determined by actual measurements of 
the cells examined, so that the rate of deplasmolysis is followed in 
individual cells. The cell is plasmolysed by a decidedly hypertonic 
solution, the degree of plasmolysis being , After the lapse of a time 
t the degree of plasmolysis is p^. Then if the concentration of the 
external solution is C, and the osmotic conc^trations of the cell 
corresponding to the two degrees of plasmolysis are respectively 
and C2, we have ^ 

^txd C^=Cp^, 

whence Q' - Q = { A - A)- 

Since the change in osmotic concentration of the cell in unit time is 

a measure of the rate of intake of the dissolved substance, the rate 

of intake can be determined from the concentration of the external 

solution and the change in the degree of plasmolysis. 

Hdfler's method, like those of Lepeschldn and Fitting, neglects 
the possible effects of exosmosis. Apart from this and the assumption 
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that the substance diffuses into the cells and there undergoes no 
reaction with the cell contents, the method seems to be a sound one 
for the determination of the absorption of dissolved substances. 
Hofier, however, like so many other observers, confuses the rate of 
intake with permeability. Thus, he defines permeability as the quan- 
tity of substance entering the cell in unit time, thus neglecting the 
fact that the rate at which the substance enters the cell depends not 
only on the permeability of the cell membrane, but also on the differ- 
ence in concentration of the substance in the external solution and 
in the cell sap. This does not matter so much, as Hofier makes it per- 
fectly clear what he is measuring, so that there is no obscurity. His 
results will be dealt with later. 

II, The Determination of Permeability by Changes 
IN Weight or Volume of Turgid Tissues 
The principle of this method is much the same as that of the 
plasmolytic method. If turgid tissues are immersed in a solution of 
a substance strong enough to produce a contraction in the volume 
of the cells, but not concentrated enough to produce plasmolysis, the 
penetration of the dissolved substance into the cells of the tissue will 
bring about a gradual increase in volume (and consequently in weight) 
of the tissues. This method has been employed to test the entrance 
of salts and other substances into animal tissues and cells, e.g. blood 
corpuscles, by Koeppe (1895 a, b), Kozawa (1913, 1914) and others. 
For work with plant tissues the method has been developed by 
Lundegardh (1911) who used it to study the entrance of salts into 
roots of Vida Faha. For this purpose the roots were placed hori- 
zontally in a small cell under the microscope and changes in length 
of the root measured. The roots were first treated with a solution of 
the salt under investigation which produced a contraction in length. 
As the salt entered the tissue the root gradually increased in length. 
The time taken for the root to increase in length from 25 per cent, to 
75 per cent, of the total increase it underwent was taken as a rough 
measure of the rate of entrance of the salts. 

12. Tissue Tension Method 

A tissue tension method for studying permeability to dissolved 
substances has been described by Brooks (1916 c). The experimental 
procedure is as follows. Similar strips of the peduncle or midrib of 
dandelion [T araxacum officinale, Weber) were fixed at one end between 
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the two halves of a partially split rubber stopper 
horizontally so that thefreeendscouldmoveinahorizonl 
strips so held were immersed in 20 c.c. of a solution of the substance 
to be examined in which the strips underwent no appreciable change 
in curvature. The concentration of the solution was then increased 
by the addition of a known small volmne of a molecular solution of 
the salt. As a result the strip of tissue underwent a decrease in 
curvature, which soon ceased and was followed by a slow increase in 
curvature. The time that elapsed between the increase in concentra- 
tion and the instant that the strip regained its original curvature was 
called the time of recovery. Immediately on recovery the concentra- 
tion of the solution was again raised and the time of recovery again 
noted. The process was repeated several times and in this way a series 
of times of recovery was obtained. An empirical value for the rate 
of penetration was obtained by dividing the change in concentration 
by the time of recovery. Curves were then plotted between these 
rates of penetration and the times that had elapsed between the first 
immersion of the tissue in the solution and the middle of each recovery 
time. These curves are supposed to represent the rate of penetration 
of the salt into the tissue. 

Brooks appears to regard the values he obtains for rate of pene- 
tration as measures of permeability. He has good grounds for doing 
this, as the difference in concentration between external solution and 
cell sap with regard to the substance under investigation is the same at 
the moment at Which each recovery period commences. But the 
effects of exosmosis are not considered, nor are the possibilities of 
any reactions between the penetrating substance and the contents 
of the ceil sap. Also the results obtained during the first 15 or 20 
minutes were very irregular, and were therefore disregarded. The 
method in its present form is thus not free from objection. 


13. Diffusion Method 

This method has also been described by Brooks {1916 a, 1917 h). 
Disks cut from the thallus of Laminaria Agardhii were placed between 
two short pieces of glass tube applied to the two sides of the tissue 
so as to make a watertight join. The lower piece of tube was closed 
below by a rubber tube and clip. The cell thus formed was filled with 
a salt solution having the same conductivity as sea water, or with 
sea water itself, and the upper tube with a known quantity of a solu- 
tion of the same composition but of one-half the concentration. The 
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rate of increase of the electrical conductivity of the solution in the 
upper tube and the decrease in the conductivity of the solution in 
the lower tube was taken as a. measure of the rate at which the salt 
or salts in the lower cell passed through the tissues, and therefore as 
a measure of the permeability of the tissue. To eliminate errors due 
to exosmosis from the cells and diffusion from the intercellular spaces 
of the tissue, control experiments were made in which the more dilute 
solution was contained in both upper and lower tubes. The average 
conductance of the solution in the upper tube of the controls at the 
end of the experiments was taken as the standard, and the average 
conductance of the solutions in the experimental tubes “divided by 
this figure in order to obtain the percentage which expresses their 
gain as compared' with the control.” By this method it is stated 
that "the figures which were obtained in this manner measure 
the amount of salt which had passed through the tissue, while 
the errors due to exosmosis from the protoplasm as well as those 
due to diffusion from the intercellular substance are eliminated.” 

As disks of tissue vary in thickness, errors arising from this cause 
weffe eliminated by first performing an experiment with sea water 
and then using the same disk for an experiment with one of the salts 
examined. The rate of change of conductivity during the experiment 
with the salt solution was then divided by the rate of change in 
conductivity during the preliminary period when sea water was used. 
Experiments were also made wilfi dead tissue. 

The principal objection that can be raised to this method is that 
there is ho guarantee that the salt which diffuses into the cells on the 
lower side of the Laminaria thallus is the same salt which diffuses; 
out from the cells on the upper side of the thallus. Possible combina- 
tions between salt and cell constituents are completely neglected. In 
short, the. complexity of the S37stem is disregarded, and the disk of 
tissue, several cells in thickness, is regarded as a simple membrane. 
How far this is justifiable is doubtful. 

The method has also been used to examine the permeability of 
cell walls, bulb scales oi Allium being employed for this purpose 
(Brooks, 1917 c). , 
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14. The Determination of Permeability to Dissolved 
Substances by Measurement of the Electrical 
Conductivity of Living Tissues 

A method for the measurement of the electrical conductivity of 
living tissues has been elaborated by Osterhout (1912 a, 1913 a, 1914 /, 
igi8 c, 1921) who regards the electrical conductivity of a tissue as 
a measure of the permeability of the protoplasm. Most of Osterhout's 
measurements have been made with Laminana thallus, but in the 
latest of the papem cited above apparatus is described suitable for 
use with other tissue, while a few experiments have been made with 
animal tissue (1919 c). The experimental material most usually em^ 
ployed consisted of a pile of about 80 to 200 circular disks cut from 
the thallus of Laminana Agardhii and arranged to form a cylinder 
like a pile of coins, the column of disks being kept in position by 
means of glass rods. At each end of the cylinder, and separated from 
it by a small length of solution, was a platinum electrode coated with 
platinum black contained in an electrode holder of hard rubber. The 
measurements of electrical conductivity were made by means of 
Kohlrausch's method. 

The question at once arises how far the electrical conductivity of 
tissue is a measure of the permeability of the protoplasm contained 
in its cells. This question has been discussed by Stiles and Jorgensen 
(1918) who have pointed out various difficulties which stand in the 
way of accepting the electrical conductivity as an exact measure of 
permeability. The electrical conductivity of a piece of tissue will 
depend on the conductivity of a number of different ph^es in the 
tissue, and we must consider the possible changes in all these phases 
when the conductivity alters. An mcrease in conductivity of living 
tissue is inteipreted by Osterhout as an increase in the permeability 
of the protoplasm to ions. Now an increase in conductivity could: be 
brought about in a number of ways apart from an alteration in the 
permeability of the protoplasm. Thus a change in the state of aggre- 
gation of the contents of the cell wall by whi<ffi. the content or nature 
of electrolytes was altered, as, for example, by diffusion or by breaking 
down of complex compounds, would alter fhe conductivity. This is 
by no means to be ruled out as a possibility having regard to the com- 
plexity of the cell wall (cf. Chapter VII), Experiments with dead 
tissue (cf. Osterhout, 1918 a) in which it is shown that dead tissue 
behaves differently from living tissue are not convincing evidence* 
that the changes observed in living tissue are not in any way con*' 


Walter Stiles 


nected with the cell wall, for in the present state of our knowledge it 
is not altogether certain that the cell walls of dead tissue are in the 
same.state as those of the tissue before death. Even if the cellulose 
should be unaltered by the method of killing the tissue, other con- 
stituents of the cell wall and its general physical properties may be 
changed. 

But changes in the content and nature of the electrolytes in the 
protoplasm and cell sap are likely to contribute much more than 
changes in the cell wall to alterations of the conductivity. Anything, 
such as diffusion, which brought about an increase in the quantity 
of free electrolytes in the protoplasm or cell sap, would raise the con- 
ductivity, and so would the breaking down of large complex mole- 
cules to smaller ones which undergo more ionisation or which give 
more mobile ions than the complex molecules from which they are 
derived. Such a change in the protoplasm might well involve an 
increase in its permeability, but the mere fact that its conductivity 
was higher, due to its higher content of ions or of more mobile ions, 
is not in itself to be interpreted as a proof of greater permeability. 

How difficult it is to interpret the results obtained, by the con- 
ductivity method may be exemplified by reference to an experiment 
made by Osterhout {1918 h) in which Laminaria tissue was trans- 
ferred from artificial sea water containing sodium chloride to a 
similar solution having the same conductivity but in which lithium 
chloride was substituted for sodium chloride. This transference re- 
sulted in a fall in the resistance of the tissue, while on transferring 
the tissue back to the original medium the resistance rose. 

Osterhout states that these effects are clearly due to diffusion. 
He says that “the smaller molecules of LiCl diffuse in faster than 
NaCl can diffuse out, causing a temporary excess of salt, which lowers 
the resistance/’ Now whatever the reason for the change in resist- 
ance the facts cannot be as Osterhout supposes, for the coefficient of 
diffusion of lithium chloride (in spite of its “smaller molecules”) is 
slightly lower and not higher than that of sodium chloride as shown 
for diffusion in water by Oholm (1905) and for diffusion in gels by 
the present writer. It is nevertheless encouraging that Osterhout 
acknowledges that factors other than permeability of the protoplasm 
can affect the electrical conductivity of tissue. 

In short, therefore, in the opinion of this writer, while changes in 
the conductivity of tissues may be correlated with similar changes in 
the permeability of the tissues, there appear to be so many other 
possible explanations of changes in electrical conductivity of tissue. 
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that conclusions relating to permeability changes based on the as- 
sumption that the electrical conductivity is a quantitative measure 
of permeability to ions must be accepted with very great caution. 

This concludes our review of the methods that have been devised 
for the study of absorption of dissolved substances and the per- 
meability of the cell to such substances. These methods are very 
varied and many of them decidedly ingenious. From this survey it 
is obvious that reliable data are often, readily obtainable with regard 
to qualitative relations in permeability, and the more important 
qualitative results have been recorded in the course of this chapter. 
But when we consider quantitative relations in absorption and per- 
meability the case is very different. Although many results have been 
recorded professing to give quantitative data with regard to intake 
of dissolved substances and the permeability of cells to such sub- 
stances, yet in most cases the presence of disturbing factors renders 
the results open to criticism. The reason for this is to be found in the 
complexity of the system involved, combined with the very general 
assumption that the conditions are simple. Thus, to take only one 
case, that of the plasmolytic method, it is assumed in this method 
that the substance which enters the cell passes through a proto- 
plasmic membrane and then accumulates in the cell sap as such, and 
that there are no disturbing factors to complicate this simple arrange- 
ment. Exosmosis, which certainly takes place, is neglected. The 
possibility of combination of the diffusing substance with a cell con- 
stituent or its adsorption with such a cell constituent, which we have 
seen may certainly take place in certain cases, is also neglected. 

In the next chapter, where the quantitative relations of the cell 
to dissolved substances are considered, it will therefore be necessary 
to subject the data dealt with to some scrutiny, in order to have as 
clear an idea of what the results obtained really mean, as the difficulty 
and complexity of the subject make possible. 


{To he continued) 
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Introduction 

T he complex phenomena of plant growth may be regarded as a 
dynamic equilibrium between the internal tendencies inherited' 
by the plant and the external factors operating during its develop- 
ment. If this conception be applied to the analysis of the Angiosperm 
seedling given in the first paper of the series (15), in which it was 
described as an axis capped by two opposing, differently constituted, 
apical meristems with an equatorial region of food supply, the 
question immediately arises as to what extent external factors influ- 
ence the subsequent development of the seedling. It is evident that 
normally the two apical meristems continue their growth under very 
different conditions, the stem meristem rising into the light and into 
comparatively dry air, the root meristem continuing its growth in 
darkness and in a moist atmosphere. The investigator has to hand 
experimental methods which will enable him to ascertain whether 
the characteristic behaviour of these different meristems is inseparably 
associated with the natural environment; and such experiments 
have frequently been carried out. The problem requires consideration 
anew from the standpoint adopted in these papers, and the results 
of some such experiments will now be considered. Few new observa- 
tions faU to be recorded, but as the standpoint from which the facts 
are analysed is all important it seems desirable to make this clear by 
a discussion of our own experiments before attempting any discussion 
of earlier work. 

The experimental results requiring discussion are those obtained 
when a stem apex is allowed to develop in darkness, when* the charac- 
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teristic growth phenomena usually included under the phrase, "etiola- 
tion” effects are obtained. In the case of the root meristem, by the 
methoddescribedin an earlier paper (Priestley and Tupper-Carey (I8)) , 
its development in light and relatively dry air is readily secured, but 
the resultant structural changes are usually not great. In the case of 
Vida Faba L., two seem worthy of note in connection with the sub- 
sequent discussion: (i) the primary endodermis appears sometimes 
to be slightly later in developing opposite the xylem, as the Cas- 
parian strip is frequently formed opposite the phloem before it can 
be seen opposite the xylem; (2) small tubercles were frequently noted 
close behind the growing apex, but their development never pror 
ceeded far, and the tissue of the tubercles never rose more than oiie 
millimetre above the surface of the root. 

The Experimental Study of Etiolation 

The discussion in the next section makes it very clear that an 
understanding of the causal factors at work in producing the struc- 
tural changes observed in etiolated plants has been much hindered 
by the very varied nature of etiolation effects in different plants. 
The discussion therefore in this section wiU be limited to the very 
characteristic type of reaction under etiolation conditions provided 
by a large number of plants of which the broad bean, Vida Faba L., 
or the potato, Solanum tuberosum L., may be selected as typical. 
Here the comparison will not be with other types of etiolation effects;, 
but mainly with the normal -green plant, and to some extent with 
plants not so markedly affected by etiolation conditions such as the 
scarlet runner, Phaseolus MuUiJiorus Willd. 

In the broad bean and potato the obvious effects of growth of the 
stem in continued darkness may be summarised as follows : the stems 
become greatly elongated and lose their angular or winged outline, 
being round or oval instead: the leaves are very little developed and 
remain yellow in colour: the stem apex narrows very suddenly upon 
the turgid stem, giving it a pinched appearance: in the broad bean 
the plumular hook of the embryo persists during growth. The stems 
are extremely rigid and are obviously turgid with sap, bleeding freely 
when cut across. Structurally xylem and sclerenchyma are not de- 
veloped to such a marked extent as in the green plant, and a hollow 
pith is absent or late in development. 

These facts looked at from the standpoint of a former paper 
(Priestley and Tupper-Carey (I8) suggest a tendency on the part of 
the shoot meristem to behave more like a root meristem when 
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growing under conditions more normal to the root. In the case of the 
broad bean the apical meristem evidently remains in the same con- 
dition in which it was withdrawn from between the cotyledons, the 
plnmular hook and its attendant leaf initials almost completely 
failing to grow, whilst the tissues of the stems are formed by the 
activity of the basal cells of the meristem situated below the curved 
apex. This lack of growth by the upper and more superficial cells of 
the meristem suggests that the nutrient sap supplied from the coty- 
ledons is percolating among the protoplasts of the meristem only 
with difficulty, and experiment supports this assumption. If an acid 
dye such as acid green is driven into the top node, of these etiolated 
shoots under pressure, a pressure greater than one atmosphere, main- 
tained for twenty-four hours, fails to drive the dye into the meristem 
of the growing points, and the meristem cells above the termination 
of the vascular strand remain quite unstained. On the other hand, 
in the course of a few hours a pressure of half an atmosphere drives 
the dye through the apex of a green shoot grown in the light, when 
applied under the same conditions, and the meristem cells are soon 
deeply stained right out to the surface. 

The difficulty with which the nutrient sap penetrated the apical 
meristem of the root was attributed to the different composition of 
the cell walls intervening between the dense protoplasts of the meri- 
stem, and a similar cause is probably operating in the etiolated stem 
apex. In the root this different composition of the meristem wall was 
always associated with a characteristic anatomical feature. Imme- 
diately behind the growing apex a cylinder of cells differentiates 
from the meristem into a "primary endodermis” with Casparian 
strip (Priestley and North (17)), This early differentiation of a func- 
tional endodermis undoubtedly plays an important part in the future 
development of the root, and its own development seems to be 
causally connected with the nature of the apical meristem, although 
the chain of causation has not yet been fully traced. In the normal 
Angiosperm stem on the other hand when growing in the light a 
functional endodermis with Casparian strip is usually not present, 
its place being taken by the "starch sheath.” If, therefore, the stem 
apex of the broad bean, when growing in continued darkness, is cor- 
rectly described as developing more like a root apex, it might be 
anticipated that the etiolated stem would contain close behind its 
growing apex a functional endodermis. Perhaps the most interesting 
point to record in the present paper is that an anatomical investi- 
gation of the etiolated stem of the broad bean and of other plants 
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showing the same type of etiolation has fully confirmed the correctness 
of this line of thought. The stem of the etiolated broad bean seedling 
possesses a fully developed functional endodermis from its base to , 
close behind the growing apex. On the other hand, in Phaseolus 
muUiflorus, the a.-pex of the etiolated plant is readily penetrated 
throughout by an acid dye when driven in under pressure, the 
plumular hook does not persist so long, the leaves open much more 
widely, though yellow in colour, and both etiolated h 3 rpocotyl and 
epicotyl of the epigeal seedling are free from any trace of a primary 
endodermis. 

As is pointed out later, the presence of such an endodermis in 
some etiolated stems has been noted previously, but its significance 
has, remained unnoted and in most cases its presence has not even 
been detected. Hand sections cleared in boiling potash or Eau de 
Javelle, and then stained with safranin, gentian violet or other basic 
stains, show the endodermis very clearly. Sections stained in 
phloroglucin and mounted in strong hydrochloric acid demonstrate 
it clearly without clearing, as the contracted protoplasm invariably 
stretches tangentially across the cell, remaining firmly attached to 
the Casparian strip. In any case of doubt certainty may be obtained 
by carefully macerating a fresh section in concentrated sulphuric 
acid, when the Casparian strip jpersists as a characteristic network 
(Priestley and North (17)). 

On the other hand, in some stems, such as Phaseolus multifiorus, 
which do not show such striking etiolation phenomena, the apical 
development, even in dai'kness, pursues another course and no 
functional endodermis appears in either the etiolated or the normal 
stem. Earlier papers in this series (Priestley and North (17) and 
Priestley and Wolfenden(i9)) have demonstrated that the presence 
of an endodermis has considerable influence upon the further struc- 
tural development of the organs in which it develops. It now remains 
to show that the main structural features connected with etiolation 
phenomena such as shown by the broad bean may be associated 
with the presence of this endodermis. 

In the first place this endodermis restricts the nutrient sap neces- 
sary for growth to the tissues within the endodermis and to the apex. 
We have here a natural cause of the excessive elongation of the stem, 
as the only rneristem cells receiving adequate supplies of food for 
growth arc those at the base of the apical meristem which caps the 
end of the cndodermal cylinder. Growth of this meristem adds to 
the length of the stem, and growth in length is therefore favoured at 
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the expense of the normal lateral growth of leaf and cortex. The 
collenchyma of the cortex is ill-developed, the angles of the stem 
opposite the main vascular bundles fail to develop, and the stem 
remains rounded in outline in cross section. 

In Pisum sativum L., and in Vida Faba, on continued growth in 
darkness, the Casparian strip may cease to form although growth 
still continues, the substances necessary for its formation (Priestley 
and North ( 17 )) being possibly no longer available. Whenever the 
endodemiis thus fails to form whilst growth still continues, its 
absence is indicated by the prompt appearance of these angles upon 
the stem and the greater development of the lateral leaf initials, the 
buds in their axils also frequently growing out. The same phenomenon 
may be seen in the potato shoot grown under normal conditions of 
light. Even under those conditions the first part of the shoot appear- 
ing from the tuber must develop in darkness, and so we find at the 
base of the normal green shoot a small region, usually a few centi- 
metres in height, possessing a primary endodermis, its presence being 
indicated superficially by the unopened nodes, by the roundness of 
the stem and by the absence of the prominent stem wings, charac- 
teristic of the upper region of the stem possessing a starch sheath. 

In view of the considerations advanced in an earlier paper 
(Priestley and Woffenden(i9)) the capacity of the cortex of an etiolated 
stem to form cork might be expected to be extremely limited. Obser- 
vation suggests that the fatty substances available for the formation 
of a cuticle are less in amount, the cuticle being very thin in the etio- 
lated plant; and when this cuticle was removed from the stems of 
normal and etiolated potato plants, the injured surfaces examined 
in section three weeks later presented very different appearances. 
The outer cells were suberised in the normal manner in each case, 
but whilst in the green stem the phellogen had formed some six to 
eight layers of periderm by tangential division, in the etiolated plants 
tangential divisions had only taken place once or at most twice. If, 
however, cuts were made in the etiolated stems so as to penetrate 
the endodermis, reparation of the cut by means of a cork phellogen 
was very active indeed, and in the same period of time more tangen- 
tial divisions had occurred at the injured surfaces of the etiolated 
stems than at the surface of the green plants cut in a similar manner. 
Another interesting result was noticed in these experiments; when 
the cuts were made through the endodermis of an etiolated stem of 
the potato, even in the middle of an intemode, after the cork had 
formed over the cut surface branch shoots frequently developed from 
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thi' This phenomenon seems explicable on the grounds that, 

ill tlie n-gion of the cut surface, the. nutrient sap, restricted normally 
within the endodermis, is able to irrigate the protoplasts of the cortex. 
The unusual quantity of solutes suitable for growth then supplied to 
the cortex not only provides for the activities of the cork phellogen, 
but leads to the development of the branch shoots. 

We are led, indeed, by our experimental results to this conclusion : 
the sap supply in the vascular strand, with its accompanying organic 
solutes, is necessary for the vigorous development of the tissues of a 
vascular plant. When the sap is retained within a functional endo- 
dermis only the parenchymatous tissues within that endodermis are 
capable of active growth. If, however, the sap is able to irrigate the 
cortical parenchyma, exogenous meristems are able to develop, and 
these give rise either to lateral shoots or leaves. In the uninjured 
stern the functional endodermis completely retains this, nutrient sap 
within it, and on the basis of the previous argument this condition 
should lead to an active formation of endogenous roots from the stem 
(Priestley and Pearsall {20)). The most superficial observation shows 
that this is in fact the case. If the etiolated stems are growing in 
relatively dry air, these endogenous roots appear to be unable to 
break through the stem surface, but can be detected in the region of 
the nodes as whitish spots below the cuticle. If the plants are grown 
in a humid atmosphere these roots readily break through the stem 
surface. They then develop in great numbers as the stems grow, arising 
in acropetal succession, not only from the nodes, but frequently in 
the internodal regions also. An e.xaggerated development of roots 
may be obtained by allowing the buds upon a potato tuber to develop 
in the dark under water. Development will not continue long under 
such abnormal conditions, but it will continue long enough to give 
a group of short shoots with two or three internodes, which bristle 
with lateral roots. It is interesting to note that none of these roots 
arise directly from the tuber. The development of the tuber is being 
studied in this laboratory, and its appearance is coincident with a 
disappearance of the endodermis present in the slender underground 
tuberiferous stem. 

Finally, reference may be made to the axillary branching that is 
fre.quently to be seen in etiolated potato plants, and occasionally in 
etiolated broad beans. Considered in the light of the experiments 
just described and the observations just recorded, it appears that the 
branching can hardly be considered as . analogous to the normal pro- 
duction and development of axillary buds. In these etiolated plants. 
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especially in the potato, the endodermal cylinder is very strongly 
distended by the exudation pressures generated by the sap within. 
If the stems are cut off and glass tubes attached by rubber con- 
nections, relatively large quantities of sap can soon be collected. 
Under these conditions any weak places in the endodermal cylinder 
will obviously be severely tested and will possibly break down. It 
is suggested that the endodermal cells, just above the insertion of 
theleaf rudiment, represent such weak spots, that frequently the endo- 
dermis breaks down in this region under the strong internal hydro- 
static pressure, and that the cortical region is then irrigated with 
nutrient sap, and a lateral shoot develops. In the case of the bean 
it is suggestive that the lateral branches usually appear at upper 
nodes where, as has already been pointed out, the endodermal cylinder 
fails to form. 

It is also inevitable that the sap pressure in etiolated shoots should 
have a marked influence on growth. In comparison with the normal 
shoot our experiments make one point quite clear: the reduced nature 
of the transpiring organs of etiolated shoots, and the depression of 
transpiration incidental on darkness cause a more or less constant 
sap pressure, so that growth in length or extension goes on equally 
by day and by night. In the green shoot, however, extension goes on 
for the most part by night, and is very much reduced or comes to a 
complete standstill during the day. In the case of Phaseolus multi- 
florus, on which some of our measurements were made, for the first 
two weeks of growth the nightly increments in extension in the green 
seedlings were equal to the daily or the nightly increments in the case 
of the etiolated seedlings. Thus in the early stages the rate of exten- 
sion in the etiolated seedlings was approximately twice that of the 
green seedlings. As growth proceeds, however, the development of 
side axes and leaves on the green seedlings renders comparison of the 
relative rates of growth practically impossible. 

Discussion 

The development of ideas as to the causes of etiolation will now 
be briefly traced; a more complete bibliographical treatment of the 
subject will be found in the memoir by McDougal(iO). It wiU be con- 
venient to follow the method used by Sachs (22) in the paper which 
may be regarded as laying the foundation of modem investigation 
of etiolation, and to consider separately the problem as it affects leaf 
and stem respectively. Sachs also distinguished between the different 
types of reaction to continued darkness shown by plants of various 
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growth habit, and Wiesner(26), when making a comparison between 
growth in darkness and growth in a saturated atmosphere, distin- 
guished still further types of reaction to continued darkness. This 
varying behaviour shown by different plants under the same con- 
ditions, increases the complexity of the problem, and is perhaps 
responsible for the fact that some investigators have taken refuge in 
purely teleological explanations of etiolation, e.g. Francis Barwin (4) 
and Godlewski(C). From the present point of view teleological argu- 
ments are inadmissible, and an explanation in terms of ' causal 
anatomy is advanced for one type of growth reaction distinguished by 
Sachs and Wiesner, viz. that very common type which is exemplified 
by the broad bean and potato. 

The Etiolated Leaf 

Sachs distinguished between leaves which emerge from the shelter 
of the bud at an early date and continue their growth fully exposed 
to light when distributed along an extended stem. Continued dark 
ness completely prevents the further development of a rudimentary 
leaf of this type. On the other hand, leaves that grow by the activity 
of a basal region which remains sheltered at the base of a shortened 
internode continue to grow in darkness. 

The broad bean is representative of the type in which the leaf 
initial is carried into the light by the elongating internode, and in this 
type most observers will agree with Sachs’ earlier statement that 
this type of leaf completely fails to develop if maintained in continued 
darkness. Confusion has arisen in certain cases, and Sachs himself 
reported later that the leaf of Cucurbita Pepo, previously described 
as undeveloped, reached almost its full size in the dark. Frank (15) 
{loc. cit. p. 395 ) found the etiolated leaves of this plant of the normal 
undeveloped type, but Jost(7) and Tcodoresco(24) have since reported 
that the leaves reach their normal size in the dark if provision is 
made for their nutrition. These conflicting observations appear to be 
due to neglect to distinguish between the growth of leaves upon a 
bud which has never been exposed to the light and upon a bud that 
has been for a short period at any rate in normal daylight before 
being maintained in continued darkness. 

Bataline(i) thought that failure of leaf rudiments to develop under 
etiolation conditions arose from the inability of the meristematic 
ceils to divide, but Prantl{l4) {he. cit. p. 384 ) has shown by actual 
countings, that there is a considerable if slow increase in the number 
of meristema tic cells, but that these cells never undergo the increase 
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in size consequent upon vacuolation. These results point to the 
inability of the nutrient sap to reach the leaf meristem, such an in- 
ability as is suggested by the observations and expeiiments described 
in the previous section, and it depends in all probability upon the 
natiu'e of the wall between the protoplasts in the etiolated meristem. 
But if the leaf rudiment is exposed to light even for a short time, 
this characteristic of the etiolated wall disappears, the nutrient sap 
readily penetrates the meristem and subsequent development of this 
leaf is possible even if the leaf is retained in darkness. There is there- 
fore no essential contradiction in the different results reported by 
the observers quoted above. 

The undeveloped leaf rudiments of the broad bean or other plant 
of this type when etiolated should therefore consist of dense protein- 
filled protoplasts with little water or inorganic salt present because 
they are cut off from the sap rising from the roots. Such chemical 
data as are available seem to support this conclusion and emphasize 
the difference between this leaf type under etiolation and the Mono- 
cotyledon leaf with basal growth. Thus in Vida Faba L. the water 
content of etiolated leaves is lower than that of young green leaves 
(Palladin(ii)), while Karsten(8) has shown that etiolated leaves of 
Phaseolus, and Godlewski(6) that etiolated leaves of Raphanus con- 
tain less water than the green leaves. Palladin(i2) gives the following 
figures for percentage protein content in fresh weight: broad bean, 
green leaves 4*95, etiolated 8*38; wheat, green 1*99, etiolated 1*28. 
He also finds no soluble carbohydrate in the etiolated leaves of the 
broad bean, whilst in wheat he finds an amount equivalent to 2-67 
per cent, of the fresh weight. Weber ( 25 ) shows that etiolated leaves 
contain a lower percentage of ash than normal green leaves, being 
especially deficient in calcium. 

The Etiolated Stem 

Sachs (22) again creates two categories: (i) stems which usually 
develop within the sheath of enveloping tissues, and which in con- 
tinued darkness extend in length still more; (2) stems normally de- 
veloping in the light on which darkness produces little or no effect . 
Thus epigeal seedlings are less affected by growth in darkness than 
hypogeal seedlings, and seedling shoots are usually much more 
affected by growth in darkness than shoots from tubers (e.g. Dios- 
corea). The broad bean falls in Sachs’ first category, and many 
attempts have been made to explain the remarkable elongation re- 
sulting from growth in darkness, Kraus ( 9 ) thought that elongation 
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might be due to the greater stretching of the less durable cell walls 
under the pressure of the turgid pith and was naturally puzzled how 
to explain the lack of extension of the leaf. Rauwenhoff(2i) agrees 
as to the lack of thickening of the cell wall in the etiolated stem, but 
considers that the cortex contributes to the expansive pressure which 
stretches the walls and that negative geotropism also plays a part 
now that it is not inhibited by counteracting heliotropic stimuli. In 
the light of observations in the first part of this paper it is clear that 
the excessive elongation in the broad bean type of etiolation must be 
traced to more definite structural causes and in part to the presence 
of a functional primary endodermis confining the growth to an 
extension in length as the result of the activity of an apical meristem, 
whilst structural developments in the cortical region are cut down 
to a minimum. 

The presence of an endodermis has been noted by Costantin(2) in 
the case of certain underground stems as in Rubus {loc. cit. p. 24). 
In Ricinus he finds the endodermis continuous in subterranean stems, 
interrupted in etiolated stems, and absent in those grown in the light. 
From Costantin’s data it seems clear that many underground stems, 
such as those of Anemone nemorosa and Mercurialis perennis, have 
a primary endodermis, whilst the aerial shoots are lacking in this 
respect. In other cases the buried rhizome possesses a secondary 
endodermis, e.g. Galium cruciatu'm, Achillea Millefolium. Costantin, 
however, does not indicate in any way the structural results following 
from the presence of the endodermis, and indeed seems to suggest 
{he. cit. p. 47) that in the aerial stem the endodermis has passed on 
to a further stage, whilst the functional primary stage or later suber- 
ised stage persists underground, whereas the important fact is that 
the endodermis never has been present as a functional layer within 
the aerial stem. Costantin’s observations seem to indicate in many 
further cases the presence of an endodermis below ground and its 
absence above. Thus in Genista sagittalis, and many other Legu- 
minosse, he notes the change in outline of the stem in cross section 
from round in the underground region to angled or winged above, 
which coincides exactly with our own observations on the broad bean 
and potato. He also reports the suggestive fact that in many under- 
ground stems the cortex is exfoliated as the result of the activity of 
a deep-seated periderm. The suggestion that this periderm is peri- 
cyclic and arises within a functional endodermis is therefore in-esistible. 
In the case of species of Poientilla this has been found to be true, 
and other examples are being examined as opportunity occurs. 
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McDougal(iO) has some very interesting observations which can 
probably be explained in the same way. In Apios Apios, Castanea 
deniata Marsh, Hicoria minima and H. onata, Querous pahistre de Roi, 
and Q. rubra L., he reports a deep'Seated periderm in the etiolated 
plants, whilst the normal stems possess superficial periderms. Un- 
fortunately McDougal did not make any close histological observa- 
tions so that it is left for subsequent investigators to see whether 
this deep-seated periderm in the etiolated plant arises within a func- 
tional endodermis. 

Further evidence of the restriction of growth activity to regions 
within the endodermal cylinder in this type of etiolated plant is pro- 
vided by the excessive production of roots already reported. Adven- 
titious root production under etiolation conditions has frequently been 
noted (Sachs (22), Godlewski{6)), and its relation to the presenceof the 
functional endodermis can hardly be regarded as other than that of 
effect to cause. 

Whilst the standpoint of this discussion assumes that the elon- 
gating etiolated plant does not necessarily grow more actively than the 
plant in the light, but rather redistributes its growth activity in 
another way, Coupin( 3 ) has recently advanced another explanation 
of the excessive elongation in etiolation. His hypothesis, supported 
by some experimental data, assumes that in the green plant growth is 
less because retarded by some inhibiting substance formed by the 
chloroplasts in light. Coupin claims that, by adding to the nutrient 
medium of etiolated seedlings an extract from green leaves of the 
same species grown in light, he is able to control the growth of etio- 
lated .shoots and keep them of normal length. We have attempted 
to repeat Coupin’s work as accurately as his very general descxiption 
of his experiments has permitted, but our results have been entirely 
negative. In our experiments with Pisum sativum, 70 gms. of green 
pea shoots and leaves were chopped up and ground in a mortar. To 
this was added 30 c.c. of tap water and the mixture autoclaved for 
20 minutes. It was then put through a press and the thick syrupy 
liquid extracted was diluted i : 9 with tap water and again autoclaved. 
Eight small flat glass jars were then fitted with covers of sheet cork 
perforated to allow the radicles of the germinating peas to pass 
through. Two of these jars were iilled with the diluted extract of 
green peas, two with Shive's optimal solution ( 23 ), two with Shivc’s 
supra-optimal solution, and two with tap water. The shoots in all 
cases were very nearly of a uniform length. The roots, however, 
showed considerable difference in growth. Those grown in tap water 
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showed most vigorous growth, and then in order, those in Shive's 
optimal solution, those in Shive's supra-optimal, while those grown in 
the pea extract showed a very dwarfed and unhealthy condition, as 
if the extract had some strongly toxic action on them. It was thought 
that the high osmotic concentration of the extract and the lack of 
oxygen might have had some inhibitory effect on the growth of the 
roots, and the experiment was accordingly repeated, the original 
extract being this time diluted 1:99 with tap water and oxygen 
bubbled through the liquid. The controls were set up the same as 
previously. In this case the roots growing in the extract showed 
slightly more growth, but the shoots attained a length uniform with 
those of the controls. Until further details of his experiments are 
given by Coupin we can only conclude that the shortened growth of 
his etiolated stems was merely an expression of the toxic effect on 
growth produced by the solution applied to the roots. In any case 
Coupin’s suggestion that the excretion from the chloroplasts in the 
light thus supplied to the etiolated plant prevented it assuming its 
normal etiolated appearance would be difficult to reconcile with the 
frequently observed experimental fact that etiolated portions of 
plants, organically connected with another part of the same plant 
growing in the light, continue to show all the normal phenomena of 
etiolation. 

In conclusion it is submitted that the account given above of the 
causal sequence of events leading to the etiolation phenomena charac- 
teristic of plants of the broad bean type, gives a consistent picture of 
the structural and developmental features brought into play as the 
result of growth in darkness. In the light of the developmental se- 
quence at the stem apex and the consequent structural alteration 
behind that apex, all the characteristic phenomena of etiolation of 
this type may find their explanation. Other growth habits will lead 
to other types of response to etiolation, and in particular the etiolation 
habit of the Monocotyledon with its basal leaf growth is reserved for 
later consideration. 

Similarly special cases, such as the lack of response to etiolation 
in Humulus (Sachs (22)), will also be dealt with on another occasion. 
These allied problems have already been under investigation, and it 
is hoped to show later that they admit of solution, from the stand- 
point of causal anatomy, without assumptions that conflict with the 
general hypothesis presented in this paper, which itself is the natural 
conscxjucnce of the direction from which the general phenomena of 
plant anatomy have been under investigation in this series of papers. 
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It is clear without further discussion that the changed behaviour of 
the developing membranes of the etiolated tissue is very suggestive 
in relation to etiolation phenomena in widely removed groups of 
plants. 

Summary 

1. The plant may be regarded as a dynamic equilibrium between 
internal inherited factors and the external environment during de- 
velopment. 

2. The root and stem normally develop in very different environ- 
ments; if these are reversed experimentally, an opinion may be 
formed regarding the extent to which the normal structure is deter- 
mined by internal factors. 

3. If the root is grown in light and air relatively little structural 
modification can be seen in it. 

4. But if the stem is grown in darkness very great structural 
modifications are produced: these are known as the phenomena of 
etiolation. 

5. Various types of etiolation are exhibited by plants of different 
growth habit, but in this paper the discussion is restricted to that 
very common type exhibited by the broad bean and potato. 

6. It is shown that in this case an explanation is possible in terms 
of causal anatomy on the assumption that when the stem apex grows 
under conditions more normal to the root apex, its development pro- 
ceeds in a manner more characteristic of the root, 

7. Thus the walls between the protoplasts of the apical meristem 
remain relatively impermeable to the nutrient sap. The “ plumular 
hook” therefore persists and meristematic tissue active in growth is 
only found below it. 

8. The rudiments of the lateral leaves and axillary branches 
therefore fail to develop further; these etiolated leaf radiments are 
rich in protein, but lack water, carbohydrates and inorganic salts. 

9. Another consequence of the changed meristematic develop- 
ment is the production of a functional primary endodermis in the 
stem. To the presence of this endodermis may in part be attributed 
the reduced cortical development and the lack of angular or winged 
contours of the etiolated stems in cross section. 

10. Adventitious roots develop freely in the etiolated plant as 
the result of the distribution of the nutrient sap determined by the 
presence of the endodermis; there is good reason to think that a 
pericyclic periderm, as opposed to a normal periderm, may often 
arise as the result of the same factor. 
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11. Owing to the depression of transpiration extension goes on 
in the etiolated plant equally by day and night; in the green plant 
extension goes on mostly by night. 

12. Earlier theories advanced to account for this particular group 
of etiolation phenomena are reviewed from the new standpoint, and 
some further experiments briefly described, which do not support an 
alternative hypothesis that elongated growth in etiolation is due to 
the absence of a growth inhibiting secretion formed by the chloro- 
plasts in the light. 
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LABORATORY NOTE 

An Apparatus for the Measurement of Stem 
Elongation 

By C. hunter and E. M. RICH 

T n the course of an investigation recently carried out in this depart- 
ment it became necessary to compare the rates of elongation of 
the stem of Impatiens Balsamina during relatively short intervals of 
time. The horizontal microscope proved to be unsuitable for this 
purpose and the various forms of auxanometer were found to be 
insufficiently sensitive. Eventually a satisfactory apparatus was 
devised which, it is thought, may be of use in laboratory practice. 

The lower end of a piece of glass tubing (C) 5-7 mm. in length, 
drawn out as fine as possible, and sealed off in a flame, rests in the 
axil of a small leaf in close proximity to the growing point. C is 
maintained in a vertical position by means of a glass tube [T) of 
slightly larger diameter which is attached to the edge of a microscope 
slide by means of Canada Balsam. The upper end of C bears a square 
horizontal platform of mica {M) whose side is 0*5 cm. On the upper 
surface of M a small flat piece of platinum foil (£) is fixed with 
shellac. A fine insulated copper wire is in contact with the platinum 
foil and is connected at its other end to a resistance [R). This is con- 
nected through a galvanometer (G) with a battery of dry cells {B), 
and to a spherometer ( 5 ) rigidly clamped above the plant and adjusted 
so that its central point is immediately above the platinum electrode 
E. The attachment CME can slide freely in T, and, consequently, as 
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the stem elongates the platinum electrode £ is raised the corresponding 
height. The spherometer is adjusted so that contact is just made 
between its central point and E — this is indicated by the deflection 
of the needle of the galvanometer owing to the completion of the 
circuit. The reading of the spherometer and the time are noted. The 
circuit is then broken by withdrawing the centre point of the sphero- 
meter a fraction of a millimetre — this distance is duly recorded, 



observation kept on the galvanometer and the time noted when the 
circuit is completed again owing to the raising of the electrode due 
to the growth of the stem. The operation is then repeated and thus 
the rate of growth of the stem can be accurately determined. 

Tlie spherometer employed was graded into 0-005 mm. units, but 
even smaller distances than these might be measured by suitable 
vernier attachments. Corrections due to the interfering effects of 
fluctuations in temperature on the metal supports and on the glass 
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tube C during the course of the experiment can be applied. The 
platform CMii must be constructed so as to be as light as possible 
in order that no undue strain is made on the plant. It was found 
possible to construct a platform with a weight of 0-035 grii. which 
caused no injury to the plant. 

The order of the results obtainable by means of this apparatus is 
indicated by the accompanying graph. Obviously the apparatus can 
only be employed with plants similar to Impatiens where the lower 
end of C can be inserted in the axil of a leaf close to the growing point. 

A lamp, or other indicator, to show when the circuit is completed, 
can be substituted for the galvanometer, but the latter was found to 
give the best results. • 

Thanks are due to Mr H. E. George of the Department of Physics, 
who has assisted in devising this apparatus. 

Hiatt Baker Laboratory, Department of Botany, 

University of Bristol. 

December, 1922 . 


FORTHCOMING MEETING OF THE BRITISH 
ASSOCIATION, 1923, AT LIVERPOOL 

PROVISIONAL ARRANGEMENTS FOR SECTION K 

AT the forthcoming meeting of the British Association for the 
f \ Advancement of Science at Liverpool (September 12-19) 
Botanical Section will be presided over by Mr A. G. Tansley, F.R.S. 
The programme promises to be an interesting one, and it is hoped 
to make it representative of the chief branches of Botany. In 
recent years joint discussions between two Sections have been a 
feature of these gatherings, and at Liverpool it is expected that a 
discussion on “Virus Diseases” will be arranged with either the 
vSection of Physiology or Agriculture. Mudi important work of gr.eat 
biological interest has recently been done upon these strange maladies, 
and a stock-taking of present views upon them is considered to be 
opportune. Plant physiology will again occupy a prominent place in 
the programme, and contributions have already been promised by 
Dr F. F. Blackman and by Prof. V. H. Blackman, The latter will 
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discuss the relation of plant growth to assimilation, and also the 
.scientific aspects of electro-culture. Certain soil problems on, which 
our knowledge is now rapidly advancing will, it is hoped, be dealt 
with in papers by Prof. Priestley, Dr Pearsall and Dr Salisbury, who 
will discuss the relative importance of hydrogen-ion concentration 
and basic ratios as criteria of plant habitats. A session will be 
devoted to problems of a morphological nature, and another to 
mycology. 

Section K instituted the “popular” lecture long before it became 
customary in other Sections, and this year it is hoped that Dr W. L. 
Balls will speak on the subject of “ Cotton.” Botanists, as usual, will 
be well provided with excursions, and the local secretaries are 
arranging journeys to the famous sand dunes near Liverpool, and to 
Great Orme's Head on the Welsh coast. In addition there may be a 
short expedition to the Isle of Man for biologists at the end of the 
meeting. 

An innovation this year will be the exhibit, during a soirde, of 
laboratory apparatus and specimens, to which botanists are invited 
to contribute. The usual botanical exhibits will be on view in the 
spacious rooms of the Hartley Botanical Laboratories, where the 
Section will meet. 

F. T. BROOKS, 
Recorder of SecUon K . 
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AN EXAMPLE OF LEAF-ENATION IN ALLIUM 
URSINUM L. 

By S. L. GHOSE, M.Sc. (Panjab) 

Selwyn College, Cambridge 

I N May, 1922 the late Mr Arthur Shrubbs, of the Cambridge 
Botany School Museum, found an interesting example of a leaf of 
Allium ursinum L., which had developed a second “lamina” on the 
lower surface. It was found growing on a boggy patch of ground near 
the Whittlesford Railway Station, about eight miles from Cambridge, 
Unfortunately, the specimen as brought into the laboratory was not 
complete, as the underground portion of it was left behind. In spite 
of a careful search by me in the same place a few days afterwards, 
the underground portion could not be discovered on account of the 
thick undergrowth, nor was any other similar specimen found. It 
was suggested to me that the vascular anatomy of the leaf might 
be interesting to work out, so I gladly undertook to do it. This paper 
embodies the result of the investigation. 

According to Mr Shrubbs’s observation, the leaf while on the plant 
took up nearly an upright position, so that both its surfaces were 
turned more or less towards the light. “ Petiole” and “lamina” were 
alike abnormal in structure. The “petiole,” instead of being semi- 
circular in section, as in normal examples of Allium ursinum, was 
flattened and appeared as if made up of two fused “petioles.” In a 
transverse section at the base of the aerial region it showed three 
prominent “ribs,” one central and two marginal (Fig. 2). The central 
one continued into the “laminar” portion as the “midrib,” and 
developed on the lower side the second blade. This lower blade was 
formed up to the very apex of the leaf, but was only half as broad 
as the upper one. The two marginal ones continued into the upper 
blade up to the very apex and formed two lateral prominent “ribs ” 
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— one of the features distinguishing this specimen from a normal leaf 
of Allium ursinum. 

I cut transverse sections of the abnormal leaf at different levels 
to see the behaviour of the vascular bundles. Fig. 2 shows the trans- 
verse section at the place where the petiole was broken off. There 
are three series of bundles. The uppermost consists of two or three 
weak bundles with phloem towards the periphery; a few phloem 
elements sometimes occur on the lower side and on the flanks. The 
middle series consists of a large number of bundles, orientated like 
those of the uppermost series. The lowermost series is made up of 
10 or 12 bundles, which, however, have an orientation opposite to 
that of the first two series. Higher up the bundles of the uppermost 
series unite with some bundles of the middle series, so that near the 
"laminar” portion the petiole has only two series of inversely 
orientated bundles. 

Fig. 3 shows the transverse section of the region where both 
blades are well developed. Here each blade has one series of bundles, 
but the orientation is opposite. There are two interesting points to 
be noticed in this section. Firstly, the stomata are found on the 
lower surface in the upper blade, but on the upper surface in the 
lower blade. Secondly, in the upper blade, the xylem of the bundles 
is found next the lower side, and not next the upper side as is usually 
the case in leaves. In order to explain these peculiarities, the structure 
of a normal leaf was studied. The anatomy of the genus has been well 
described by Irmisch (1850, pp. 1-25), Menz (1910 and 1922) and 
Arber (1918 and 1920). In Allium uninum, in the underground 
portion the leaf begins at the base as a closed sheath round the apex 
of the condensed stem, and the bundles are arranged in a ring with 
their phloem towards the periphery. Higher up the leaf becomes 
thicker on one (dorsal) side and thinner on the opposite side. In the 
thicker side another series of bundles is developed towards the 
periphery by the splitting up of some of the bundles of the main 
series (Arber, 1920, Fig. 28 c). The orientation, however, is similar 
in both series. As we go higher up the ventral side gets gradually 
thinner till finally it disappears. The thicker side becomes rounded 
off and forms the "petiole” of the leaf (Arber, 1920, Fig. 28 In 
the "petiole” the bundles of the second series unite with some of 
those of the main series, so that near the limb only one series of 
brmdles is left (Arber, 1920, Fig, 28«). In the limb there is no 
differentiation of the mesophyll into palisade and spongy parench5mia, 
and there is only one series of bundles to be seen, but the phloem is 
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mostly situated next the upper side, 
while the xylem is towards the sto- 
matalside (Menz, i922,Text-%.2&). 
This condition has been brought 
about by torsion in the “petiole" 
and has been noted before by Goebel 
(1905, p. 296). Here the morpho- 
logically upper side has developed 
the structure of the morphologic- 
ally lower side. Keeping this fact 
in view it becomes clear that in the 
case of the abnormal leaf the ap- 
parently upper surface of the leaf is 
morphologically the lower surface. 
Thus the smaller blade has in reality 
been produced on the morphologic- 
ally upper surface of the leaf, but, 
most probably on account of torsion 
of the petiole below the point where 
it was broken off, it appears to be 
on the lower surface of the leaf. 

Not only has this abnormal leaf 
developed a second blade, but it 
has also formed a second “petiole" 
to support it (Fig. i). This splitting- 
up of a “petiolar” region of a leaf 
seems to be unique. A large num- 
ber of examples of leaf-enations 
have been described, both from the 
upper and from the lower surface, 
in monocotyledons as well as in 
dicotyledons, but in no case is 
there any record of the enation ex- 
tending below the insertion of the 
“lamina." Masters (1869), Worsdell 
(1915), Celakovsky (1884 and 1892), 
Velenosvky (1907, pp. 408-11) and 
Buchenau (1888 and 1891) have 
described and figured a number of 
leaf-enations, and I have examined 
all the examples of leaf-enations in 



Fig. I. Allium ursinum. The abnor- 
leaf as seen from the lower sur- 
face, Portions of the lower blade are 
cut ojS to show the lateral ‘ ‘ ribs ” of 
the upper blade, c.r., central “rib”; 
7.r., lateral “ribs." x|. 
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the British Museum (Natural History), London, but neither is a leaf 
of Allium ufsinum included amongst these, nor is there any case in 
which the enation is continued below the base of the “lamina.” 
The fact that this example of a leaf-enation, which is continuous 
in both “petiole” and “lamina,” is found in a monocotyledon is 
interesting in connection with the Phyllode Theory of the mono- 
cotyledonous leaf, as will be seen later on. It may be mentioned 



Fig 2. Allium ursinum. Transverse section of the double "petiole" at the 
region where it was broken off. x 15. 



Fig. 3. Allium ursinum. Transverse section of the "laminar” portion of the 
double leaf, sjy., stomata, x 10. 

here, however, that Worsdell (1915, 1 , p. 201) records the case of 
a double leaf in a vine, in which there was a double petiole, but the 
two blades were quite free from each other. As, however, it was un- 
known what position on the stem this leaf occupied, it is doubtful 
whether it was an example of a leaf-enation or a fusion of two leaves 
by their petioles only. Celakovsky (1884, Figs. 38, 39; and 1892, 
Fig. 17) also figures some leaves which had developed a small second 
blade from the petiolar region. But these enations were absolutely 
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free from the main blade, and were produced at a much lower level 
than the latter. His figure (1884, Fig. 70) of a double leaf of TuUpa 



Fig. 4. Xanthosoma appendiculatum. Transverse section of the double-bladed 
leaf just below the origin of the second blade. Region of the palisade 
parenchyma is shown by vertical lines, x 20. 



sylvestris seems to suggest a double and flattened condition of the 
"petiole,” but unfortunately the diagram is not complete. 
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Theoretical 

There are one or two points which seem to be of some theoretical 
interest in the anatomy of this abnormal leaf. In this example of 
enation the law of laminar inversion, according to which opposed 
laminar surfaces are similarly constituted, is obeyed in spite of the 
fact that the torsion of the “petiole” brings about some complication 
in the general arrangement of tissues. This law has been seen to hold 
good in nearly all the cases of enations mentioned by Worsdell (1915) 
and others. For comparison, sections were cut of a double-bladed 
leaf of Xanthosoma appendiculatum Schott, and I found that it 
obtained there also. Another interesting thing attracted my attention 
in some of the sections of the latter. Fig. 5 shows a transverse section 
of the^leaf at the region of the base of the second blade. The “midrib ” 
shows a number of invaginations all round, which seem to suggest 
a tendency to form more blades. The “petiole” shows no such in- 
vaginations. I cut a section of a normal leaf at a similar region and 
noted that it also showed these invaginations, though in a less marked 
degree. The genus Xanthosoma has already attracted attention on 
account of its tendency to produce leaf-enations. Worsdell (1915, 
2, p. 168) refers to the remarkable enations from the lower surface 
of its leaf. Velenovsky (1907, pp. 410-11) mentions the double- 
bladed leaf in X. atrovirens. Willis (1919, p. 692) mentions the pocket- 
forming habit in X. appendiculatum. Whether or not more than two 
blades are ever formed in X. appendiculatum I cannot say, but these 
invaginations seem to suggest that here a process of grooving, 
associated with development of wings, has been adopted for the for- 
mation of the “lamina,” as has been found to occur in the Palms 
and in some Irids by Arber (1921 and 1922). A series of sections 
through the abnormal leaf of X. appendiculatum shows this quite 
clearly. Just below the base of its second blade the “ midrib ” shows 
a number of ridges and invaginations all round the lower surface 
(Fig. 4). As we go higher up, one of these grooves situated near the 
middle of the lower surface becomes more marked, the epidermal 
cells round it become larger, the hypodermal cells slowly change into 
palisade parenchyma (Fig. 5), and the two ridges are finally trans- 
formed into wings, so that a second blade is produced. Thus it is clear 
that this second blade is produced as a result of grooving or invagina- 
tion, associated with development of wings. A httle higher up, this 
groove closes, and the “midrib” has again only one blade, indicating 
that the second blade is only an elaboration of the two ridges pro- 
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duced by the invagination. I may note here that Willis (1919, p. 692) 
attributes this phenomenon of the formation of the second blade to 
the "tangential division of the embryonic leaf.” Obviously, I cannot 
accept this explanation. In view of the above explanation of the 
formation of the second blade, it is possible to conceive that the normal 
blade also is the result of the expansion of the two ridges, which are 



Fig. 6 




Fig. 8 




Figs. 6-10. Hypothetical figures to show the various stages in the doubling of 
the “petiole” by the agency of two opposite invaginations. 

produced by a median groove on the upper surface of the apical part 
of the "petiole.” 

Now returning to the abnormal leaf of Allium ursinum, an ex- 
amination of Fig. 2 suggests that a process of invagination has been 
at work in it also. Although, unfortunately, I could not secure the 
lower portion of the " petiole,” yet it seems to me that this apparently 
double nature of the " petiole ” is due to the production of two grooves 


S. L. Ghose 


56 

on opposite sides. It may be suggested that this abnormality has been 
brought about by fusion of two opposite leaves by their “petioles” 
and “midribs”; but it does not seem likely, as there is no indication 
whatsoever in the internal tissues to show that any fusion has taken 
place, while the three-" ribbed” condition of the “petiole” can easily 
be brought about by a process of flattening, which is accompanied 
by the production of two opposite invaginations. Figs. 6-10, which 
are merely hypothetical, might very well represent what has actually 
happened in the specimen. Figs. 9 and 10 are fairly comparable 
with some diagrams given by Arber (1921, Figs. 56, 57) in connection 
with the formation of blades by this process of invagination amongst 
the Irids. Celakovsky’s diagrams of sections of the leaves of Crocus 
and Ferraria (1892, Figs. 32 and 40) are also interesting in this con- 
nection. They suggest the possibility of the formation of two blades 
by such a process of invagination. The bundles, however, seem to 
have similar orientation, most probably on account of the non- 
completion of the vascular ring in the “petiole,” and marked growth 
of tissue at the “open” region. The orientation of bundles may be 
different according to the plane of the invagination, the completion 
or otherwise of the ring of vascular bundles in the “petiole,” and the 
growth of various tissues at the time of expansion. In the case under 
discussion the last named factor may have been influenced by the 
“law of laminar inversion.” It may not be out of place to mention 
here that in the normal leaf of Allium ursinum the ring of bundles 
in the “petiole” is not complete, hence the leaf does not show 
“phyllode structure,” as has been noted by Arber (1920). Menz 
{1910, Text-figs. I-IX) gives some figures of Allium odorum L., in 
which this ring is nearly complete, so it seems not very improbable 
that in the case under discussion the ring may have been completed 
abnormally. Menz (1922, Text-fig. 3) also gives a diagram of a 
transverse section of a leaf of Allium nigrum L., a member of the 
same section of Allium — ^Molium — as Allium ursinum, which shows 
two series of bundles with opposed orientation, again showing the 
possibility of the completion of the ring of bundles in the abnormal 
“petiole” of the latter. It is possible to imagine that if the pair of 
invaginations had not existed in the abnormal case of Allium ursinum 
and tire apex of the "petiole” had just expanded into one limb, the 
limb might have shown “phyllode structure,” as has been noted in 
many species of Allium by Arber (1920) and Menz (1922). 

In a recent paper, Gaisberg (1922) questions the validity of the 
Phyllode Theory and gives many arguments in support of the Midrib 
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Theory. The two blades of the abnormal leaf, however, are more 
easily explained as expansions of the apical part of the “petiole"' 
than as those of the "midrib,” because the petiole itself is flattened, 
and has three prominent “ribs,” the lateral ones of which are con- 
tinued only in one of the blades. Moreover, the continuity of double 
nature in “petiolar” and “laminar” regions would seem to suggest 
that the “petiole” and “lamina” are morphologically the same. 

Summary 

1. In this paper an example of leaf-enation in Allium ursinum 
is recorded for the first time. 

2. The “ doubling” is found not only in the" laminar ”,but also in 
the "petiolar” region. This seems to be unique, because no example 
of leaf-enation is found to be on record, which is continuous in both 
“petiolar” and “laminar” regions. 

3. There is one series of bundles in each of the blades, but their 
orientation is opposite: thus the sport obeys the "law of laminar 
inversion, according to which opposed laminar surfaces are similarly 
constituted.” This law has been found to hold good by Worsdell 
and others in nearly all the examples of leaf-enations. 

4. The “doubling” is explained as the result ot formation of two 
opposite grooves in the “petiole,” and the development of wings in 
its apical portion by the four ridges thus formed. 

5. An example of leaf-enation is described from Xanthosoma 
appendiculatum, which is also explained as the result of grooving, 
associated with development of wings. It is also suggested that it 
is possible to conceive that the normal blade has also been produced 
in the same way. This is interesting in view of Arber’s description 
of similar methods being employed by Palms and some Irids in the 
formation of "pseudo-laminm."' 

6. This only recorded example of the enation extending down to 
the flattened "petiolar” region, being found in a monocotyledonous 
leaf, indirectly lends support to the view that the "lamina” in 
monocotyledons may be only a modified portion of the petiole. 

In conclusion I have much pleasure in expr^sing my hearty 
thanks to Prof. Seward and Mrs Arber for their valuable help given 
to me in connection with this paper. To Miss M. G. Campin, of 
Newnham College, Cambridge, I am indebted for many suggestions 
and for drawing the diagrams, which are reproduced in this paper. 

Botany School, 

Cambridge 
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THE TAXONOMY AND VARIATION OF THE 
GENUS MICROCYSTIS IN CEYLON 

ByW. B. CROW 

A RECENT examination of the collections of freshwater algae from 
^ the plankton of the inland waters of Ceylon, made by Prof. 
F. E. Fritsch in 1903, showed that the members of the genus Micro- 
cystis form probably the most important constituents of the phyto- 
plankton during the period (Aug. 21st to Nov, xoth) at which the 
collections were made^. The species evidently attained a remarkable 
abundance in many localities frequently forming water-bloom. Along 
with this abundance in number of individuals was found an extra- 
ordinary diversity of form, the various types being linked together, 
however, by intermediates. In fact, whenever abundant material 
occurs the precise limits of the different species become impossible 
to define. This is particularly true of those species which possess 
pseudovacuoles, since these species are found in the greatest abund- 
ance. The same phenomenon has been observed for three species 
from tropical Africa and has led Ostenfeld(6) to consider all the forms 
with pseudovacuoles as belonging to the same species. Transitional 
forms connecting not only these three species but also several other 
types of a very varied nature will be recorded below. This kind of 
continuous variation is being discovered to a greater and greater 
extent in Cyanophycece and Chlorophycem. That it is not fluctuation 
directly dependent on environment is shown by the fact that forms 
which are quite distinct, together with transitional types, may exist 
for considerable periods, side by side, under the same ecological 
conditions. It is probable, therefore, that there is some genetic 
difference between the types distinguished as species below. 

In order to emphasise the more essential specific distinctions 
among the members of the genus the following key is given. Although 
any such scheme must be largely artificial its primary divisions are 
based on cell characters as being more fundamental than colony 
characters, which have been too greatly relied upon by previous 
investigators. The key includes several species which are not known 
from Ceylon but also the two new species described below. As the 

1 The material was preserved ia tubes of dilute formalin and that dealt with 
here wa.s in an excellent state of preservation. 
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above remarks will have made clear the species oi Microcystis can 
only be distinguished definitely when a considerable amount of 
material is available and individual variation is taken into account. 
Moreover, there has been considerable difference of opinion with 
regard to the limitations of most of the species, and some attempt 
has been made to enumerate the essential features of the species met 
with in the Ceylon collections. 

KEY TO THE GENUS MICROCYSTIS. 

A. Cells spherical. 

a. Cells containing pseudovacuoles, 
a. Cells 3-7/t diam. 

I. Colonial envelope definite, refractive, often stratified. 


i. Colony generally compound M. viridis 

ii. Colony generally simple M. marginaia 

2. Colonial envelope less definite, colonies compact. 

i. Colony not greatly lobed nor very elongated. 

* Colony clearly clathrate M. csruginosa 

** Colony not clearly clathrate . ... M. flos-aques 

ii. Colony elongated to many times its diameter, segmented into 

partial colonies ilf . pseudofilamentosa 

iii. Colony very greatly lobed, in the form of cuneiform figures. 

* Colony clearly clathrate ..... M. ochracea 
** Colony not clearly clathrate . . . . , M. scripta 

3. Colonial envelope quite indefinite, cells very loosely scattered 

ikf. protocystis 

j8. Cells less than diam. 

1. Colonies generally compound .... M, icMhyoblabe 

2. Colonies simple, pellicular . M. firma 

b. Cells not containing pseudovacuoles. 

a. Cells distinctly yellow . . . . . . . M. fuscolutea 

) 3 . Cells not yellow, mostly pale blue-green. 

1. Cells 5 ~ 5 ‘ 5 ii diam. . M. pallida 

2. Cells less than 3/* diam. 

i. Colony elongated to many times its diameter . M. stagnalis 

ii. Colony not greatly elongated. 

* Colony free-floating, clearly clathrate . . M. holsatica 

** Colony free-floating, or attached to stones, not clathrate 

M. pulverea 

*** Colony attached to water-plants . . . M. parasitica 

B. Cells elongated . . . . . . . . . . M. elabens 


The above includes all the fully known freshwater species. For 
other forms consult TildenfS) and Forti (2). 
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MICROCYSTIS MRUGINOS A Kxseyz{ 4 :). 

Including var. major Wittr. (see (2)), Fig. a 

Colonies roughly spherical or ellipsoidal, generally clathrate. Cells 
3-7 ju, diam., spherical, with pseudo vacuoles. This must be regarded 
as the typical form. The well-known figure of Kirchner( 3 ) does not 
agree with that of Kuetzing( 4 ). It was frequent in all the following 
localities although never reaching the abundance of M. flos-aquce. 

Log. Tank^ Andangawa-mahawewa on small jungle footpath 
from Habarane to Sigiri, Oct. nth; tank Balaluwewa, Sept. 29th; 
margin of tank Andankulam, about three miles from TrincomaJie, 
Oct, i8th; small pond in Botanical Gardens, Anuradhapoom, Nov. 3rd; 
Rock pool connected with Kalawewa-tank, Sept, 29th. 

MICROCYSTIS FLOS-AQUM (Wittr.) Kirchner(3) 

Figs, h and c 

Colonies roughly spherical, eUipsoidal or often squarish in optical 
section; not clathrate; cells 3-7 ja diam.; spherical with pseudo- 
vacuoles. 

According to Lemmermann( 5 ) the distinction between this species 
and M. c&ruginosa is in its non-clathrate character. Wesenburg- 
Lund(9) on the other hand says that both M. ceruginosa (== Clathro- 
qysHs Hansgirg) and M. jios-aqucB {— Anacystis Hansgirg) often 
possess clathrate colonies, but that in the latter species this is 
"generally not very noticeable because these colonies have not the 
sharp outlines which the Clathrocystis colonies have with their dis- 
tinctly definite covering of slime.” Wesenburg-Lund, from a study 
of a large amount of material from the Danish freshwater plankton, 
considers that the essential difierence between the two species lies 
in {a) the distinctness of the outline of the colonial mucilage, and 
(6) the form of the colonies. He states that the two supposed species 
are connected by numerous transitional stages, and cites an instance 
where a colony had one half with the characters of M. jios-aquiB and 
the other half those of M. cevuginosa. In view of the variability of 
these two species he thinks that the numerous species described by 
Lemmermann cannot be upheld. Ostenfeld(6) also argues the identity 
of all the pseudovacuole-containing species of Microcystis, having 
found transitional forms hoivfe&n M. muginosa, M. flos-aquce oxid 
M. viridis. 

^ The "tanks” in Ceylon are reservoirs of partially artificial origin. In 
them, however, the mia:Qorga:njisms live under normal conditions. 

BoVj . 
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Observations on the Ceylon material show similar transitions. 
Moreover, it is clear that reproduction of the colonies largely takes 
place by vegetative breaking. Hence a clathrate colony may break 
up into non-clathrate masses, which in their turn may undergo the 
process of reticulation. The forms recorded here as M. amginosa are 
such as show little or no reticulation. 

Most of our colonies had an indistinct outline. But those from 
Colombo Lake often had a very definite marginal region when seen 
in optical section. This was especially marked in those colonies that 
were breaking up into numerous daughter colonies as shown in Fig. h. 
Sometimes the partial colonies were mere nests of less than a dozen 
cells, surrounded by a wide clear sheath. Formation of daughter 
colonies often appears localised so that the former may appear as 
buds upon the latter. Possibly these appearances represent successive 
stages in the breaking up of the colony. It is only the fact that such 
small colonies are found in actual process of formation that proves 
these forms to be connected with typical colonies of M. fios-aquce, 
for the latter are much larger and have a far more indefinite colonial 
mucilage sheath. 

Other variant colonies of M. approach M. scn^jfa and 
M. ochracea in a tendency to produce outgrowths. But the typical 
lobing of the definite type figured for these latter species was not 
met with in the collections examined. We have preferred to retain 
M, fios-aqu<s as a distinct species since the forms as described above 
often occur in large quantity and cannot all be explained as develop- 
mental phases of other species of Microcystis. 

Loc. Lake at Candy, Sept. 24th; lake at Colombo, — ; four 
small tanks near entrance to Botanical Gardens, Anuradhapoora, 
Oct. 2nd; tank Mineri, Oct. 12th (water-bloom); tank Tissawewa, 
near Anuradhapoora, Oct. 3rd; small rock pool, in wet season of 
the year certainly connected with tank Punchi-kekirawa close by, 
Sept. 28th. 

MICROCYSTIS PROTOCYSTIS n.sp.i 
Fig. d 

Colonies irregular, often diffuse, with colony-sheath not clearly 
dehmited, sometimes disappearing. Cells very numerous, varying in 
mode of aggregation from closely crowded to generally dissociated, 
spherical, 3*5-6-5 diam., with pseudovacuoles. 

■ 1 A Latin diagnosis of this and otiier new species is given as an appendix. 
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This species differs from M. fios-aqucB and M. cBmgino&a in its 
more irregular colonies and especially in the predominantly dis- 
sociated state of the cells. As some transitional forms of this species 
closely approach M. flos~aquee it was at first regarded as a form of 
the latter species. Thus in colonies from Perithpan-pokuna much of 
the material was comparatively well provided with mucilage, the 
distances between adjacent ceUs being about 2-4 times the cell- 
diameter. In tank Mineri and a pool near tank Punchi-kekirawa 
typical specimens occurred in association with colonies of the form 
of typical M. flos-aquce. As, however, very large numbers of loose 
colonies in the dissociated state shown in Fig. d have been observed 
in material which shows evidence of normal conditions both of growth 
and preservation, there can be no doubt that M. proiocystis forms 
a distinct type. The difference between this and any previously 
known species is as great as any specific distinction within the genus. 
In Wesenburg-Lund’s( 9 ) description of M. flos-aquce and its forms, 
he mentions nothing approaching the dissociated condition of ilf. 
proiocystis. The latter must on our present knowledge be considered 
as a perfectly independent species. The presence of transitional forms 
resembling those of M. flos-aqucB suggests that further investigation 
may show such forms to be a regular phase in the hfe-histoiy of 
M. proiocystis, but should this prove to be the case it would not be 
sufficient to show the latter to be identical with typical M. fios-aquec. 

M. proiocystis naturally extends the range of variation known in 
the genus Microcystis. In fact it falls within the generic definition 
of Aphanocapsa as given by some authors. But to place it in the latter 
genus would be to obscure its natural affinities. The great distance 
apart of the cells and the quite indefinite colonies are of course 
features wholly in accord with Aphanocapsa. It must be noted, 
however, that these two characters by no means exclude it from the 
genus Microcystis. The present writer has shown in a previous pub- 
lication (i) that the distance apart of the cells is one of the least 
important specific characters in the species of Microcystis. It is well 
known, too, that the definite character of the colony is by no means 
equally maintained in the species (see e.g. figures given here). It 
might, of course, be, supposed that these characters (i.e. wide dispersal 
of the cells, indefinite nature of the colony) were so well developed 
in M. proiocystis that it might be regarded as having passed beyond 
the limits of the genus Microcystis, not because there is any great 
gap between this species and the related members of Microcystis but 
because in it the characters referred to seem to reach their highest 
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development. The genus Aphanocapm, however, consists of a very 
heterogeneous assortment of forms some of which will doubtless fall 
into other genera when their life-history becomes fully known. The 
genetic connection of some supposed species of Aphanocapsa with 
other Chroococcacece [e.g. Chroococcus, Glcsocapsa) is already estab- 
lished in some cases ( 5 ), The presence of pseudovacuoles, the cell size 
and the resemblance to M, flos-aquce in certain phases all point 
towards the fact that this new species is a true member of the genus 
Microcystis. 

Log. Tank Mineri, Oct. 12th (water-bloom) ; tank Andankulam, 
Oct. i8th (water-bloom) ; rock pool in wet season of the year cer- 
tainly connected with tank Punchi-kekirawa close by, Sept. 28th; 
Perithpan-pokuna near Isurumunija-temple at Anuradhapoora, 
Oct. 3rd. 

MICROCYSTIS PSEUDOFILAMENTOSA n.sp. 

Figs, e and / 

Colonies very long and narrow, consisting of a series of partial 
colonies, i.e. constricted at intervals, sometimes considerably widened 
at places and broken through or reticulate. Margin of colonial 
mucilage indistinct.. Cells 3-7 ij, diam., spherical, with pseudovacuoles. 
Colonies varying greatly in size, sometimes twenty times as long as 
wide, frequently 200-300 ju in length; 20-30^11 in width, the partial 
colonies being about equal in length and width. 

The colonies of the above species resemble those of M. stagnalis 
Lemm. in their elongated form but not in their segmented character. 
M. pseudofilamentosa is also distinguished from M. stagnalis by the 
size of its cells, which are more than twice as large as in the latter 
species, and in the presence of pseudovacuoles which do not occur 
in M. stagnalis. From M. ceruginosa our species is distinguished by 
the form of its colonies and by the more indistinct margin of the 
colonial mucilage. M.pseiMofilamentosa, apart from the latter feature, 
would resemble, in form, certain string-like bodies described by 
Wesenburg-Lund for M. eBruginosa{ 9 ). But the mode of origin appears 
to be different in our specimens. Instead of arising as lateral out- 
growths from the rounded colonies of the ordinary Clathrocystis as 
described by Wesenburg-Lund for the forms referred to, our colonies 
would appear to break up frequently into their partial colonies which 
divide again to give elongated compound colonies much in the same 
way as a cell may divide up to form a filament. This character 
suggested the specific name given. M. pseudofilamentosa, in virtue 
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of its clathrate colonies, may at times closely resemble M. c&mginosa 
and M. ochmcea (Brand) De Toni, but in dealing with these forms it 
is necessary to take into account the general or normal type of the 
colony and certainly on this basis M. pseudofilam&ntosa mnat be 
regarded as quite distinct. This species and M. stagnalis are remark- 
able examples of homoplasy with the elongated Tetrasporacese. 

Loc. Tank Nuwarawewa at Anuradhapoora, Oct, 2nd. 

MICROCYSTIS MARGIN AT A (Menegh.) Kuetz.{4) 

Figs, g and h 

Colonies rounded or irregular, generally flattened and of more or 
less lenticular form, simple or in clusters not surrounded by a common 
colonial sheath. Margin of colonial mucilage very distinct. Mucilage 
very refractive, sometimes stratified. Cells irregularly scattered. 

The single colonies were generally elhpsoidal or ovoidal in outline, 
averaging about 140-150/x. in length, 60-95^ in width. The cells 
were generally comparatively large (6 /x. diam.) and filled with gas 
vacuoles. The stratification was often very faint, often absent in the 
young colonies. The latter were generally found in groups and were 
often very small. In the younger state the distinction from M. viridis 
is largely one of degree. M. margimta is not so abundant as M. flos- 
aqu<z. 

Loc. Perithpan-pokuna near Isurumunij a- temple at Anuradha- 
poora, Oct, 3rd; rock pool connected with Kalawewa-tank, Sept. 
29th (rare) ; small shallow bay of Nuwarawewa near Anuradhapoora, 
Oct. 2nd (rare). 

MICROCYSTIS VIRIDIS (A. Br.) Lemm. (see (5)) 

Colonies round or rectangular in outhne, consisting of a group 
of partial colonies surrounded by a common sheath. Cells 3-7 fi diam. , 
spherical, with pseudovacuoles. In both this and the previous species 
the mucilage is highly refractive, clearly defined at the margin and the 
ceUs are extremely variable in their grouping (see (i)). 

Loc. Small shallow bay of Nuwarawewa near Anuradhapoora, 
Oct. 2nd. 

MICROCYSTIS HOLSATICA Lemm. (see (5)) 

Colonies spherical or ellipsoidal, clathrate, margin of colonial 
mucilage clearly defined. Cells about i pi diam., spherical or sub- 
spherical, without pseudovacuoles. The lacunae were irregular in form 
and variable in size, often about ten times the diameter of the cell. 
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The closely crowded cells are characteristic and distinguish this 
species from those of Aphanocapsa with cells of the same size and 
somewhat similar colonies. 

Log. Tank Andankulam, four miles from Trincomalie, Oct. 20th. 

MICROCYSTIS PULVEREA (Wood) Migula (see (5)) 

Colonies spherical or ellipsoidal, often lobed. Cells 2-3 /x diam., 
subspherical, without pseudovacuoles. 

Loc; Lake at Colombo, — ; tank at Dambulla, Sept. 9th. 

Var. Incerta (Lemm.) nob. == M. incerta Lemm. 

G. M. Smith ( 7 ) points out that M. incerta Lemm. differs mainly 
from M. pulverea (Wood) Migula in the size of its cells and that it 
might be better to consider M. incerta as a variety of M. pulverea. 
Lemmermann( 5 ) says that the colonies of M. incerta are always 
isolated, those of M. pulverea "oft zu vielen dicht nebeneinander 
liegend.” The latter condition was not frequent in our specimens. 
It therefore seems that the essential difference between the two forms 
is one of size and as it is not customary to establish species on this 
character alone we have regarded M. incerta as a variety of M. pulverea. 

As in M. flos-aqucB the smaller colonies, apparently produced by 
the breaking up of the larger, have much more clearly defined margins 
than the larger, i.e. older colonies. 

Loc. Rock pool connected with Kalawewa-tank, Sept. 29th. 

Forma E long at a n.f. As var. incerta but colonies more greatly 
elongated, i.e. to about three or four times their length, thus ap- 
proaching M. stagnalis, although of course still very much less 
elongated than the latter. 

Loc. With var, incerta. 

RELATIONSHIP OF CCELOSPHASRIUM DUBIUM Grun. 

{ 5 )) TO MICROCYSTIS 

This species, which also occurs in the freshwater plankton of 
Ceylon, shows relationship with certain members of the gtmxs Micro- 
cystis in the following features: {a) the presence of pseudo vacuoles in 
the cell, ip) the not infrequent grouping of the colonies in clusters, 
and (c) the size of the cells which averaged 6 /x as in M. flos-aqucB. 
As the latter species was associated with C. duhium in the lake at 
Candy and tank Tissawewa and as this association has been noted 
by Lemmermann, a genetic connection would at first sight seem 
probable. But the older colonies of C. duhium always show very 
clearly a single layer of celte and in these, as in some of the younger 
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forms, which are not so obviously distinguishable from M. Jios-aquce, 
the colonial mucilage does neither stain with Safranin nor Methyl 
Violet 5 B, whereas in the latter species the mucilage is irregular 
and stains deeply with these colouring reagents. The cells in both 
species stain deeply with Methyl Violet, this stain showing them to 
be surrounded by an individual membrane of moderate thickness. 
The presence of an individual membrane around the cells has been 
used by Lemmermann to characterise the genus CcelosphcBfiopsis. 
In the latter these cell-envelopes are apparently visible without 
staining. The presence of individual membranes in Codosphcenum 
dubium, although less obvious, shows there is no fundamental 
distinction between the two genera. In Microcystis we meet with 
aU stages of differentiation of the cell-envelope even in one and the 
same colony (see figure of M. viridis in (i)) and in the Chroococcaceae 
in general the presence or absence of such an envelope has been 
shown to be of little direct systematic importance (i). 

C. dubium was found in the following localities: tank at Dam- 
bulla, Sept. 9th; tank at Haberane, Oct. loth; Lake at Candy, 
Sept. 24th ; tank Tissawewa near Anuradhapoora, Oct. 3rd. 

SUMMARY AND CONCLUSIONS 

X. The genus Microcystis is represented in the freshwater plankton 
of Ceylon by at least eight species, tw^o of which are described as new. 

2. The species are connected by numerous transitional forms, the 
nature of which is described. 

3. The distinctions between the species of Microcystis are of the 
same kind as between other cogeneric species of Cyanophycecc. 

4. The present distinction between Aphanocapsa and Microcystis, 
in view of such a species of M. protocystis n. sp. is seen to be an artificial 
one. The former genus consists of forms of various affinities. 

5. Codospharium dubium Grun. is related to the species of Micro- 
cystis possessing pseudovacuoles, although genericaUy distinct from 
them. Ccdosphceriopsis Lemm. is not distinguished by a valid generic 
character. 

In conclusion my warmest thanks are due to Prof. F. E. Fritsch 
for providing the material for the above investigation. 

DIAGNOSES OF NEW SPECIES 

Microcystis protocystis n.sp. 

Strato libere natantc, irregulario, saepe difiuso, tegumento strati 
non plane dclimito, intcrdum vel nil vel evanescente, Gellulis numero- 
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sissimis, varie aggregatis, modo densissimis plerumque sparsis, 
sphsericis, 3-5-6-5/i diam. pseudovacuolibus provectis. 

Log. In aquis dulcibus. Insula Ceylonica. 

Microcystis pseudofilamentosa 

Strato bbere natante, longissimo, angnsto, in locis constricto ut 
series stratoram secondariorum fiat, interdum passim dilate et vel 
perforate vel reticulate tegumento strati subdistincto. Cellulis 
sphsericis pseudovacuolibus provectis 3-7 /a diam. Strato magnitu- 
dine variabilissimo, interdum vicies ssepe decies longo quam lato, 
ssepe 200-300 /A longo, 20-30 /x lato; stratis secondariis ssepe 20-30 
longis. 

Log. In aquis dulcibus. Insula Ceylonica. 

Microcystis pulverea (Wood) Migula. 

Var. incerta (Lemm.) nob. 

Cellulis i“2 fx diam. : cetera ut in typo. 

Forma elongata n.f . 

Strato vel ter vel quater longo quam lato; cetera ut in var. 
incertanoh, 
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Explanation of Plate I 

a. Microcystis (sruginosa Kuetz. Typical Colony from Tank Balauwewa. 

b. M. flos-aqucB (Wittr.) Kirchner. Colony from Colombo Lake with Partial 

Colonies, • 

c. (Wittr.) Kirchner. Typical Colony from Colombo Lake. 

d. M.protocystis 'a..s^. Typical aggregation from Tank Mineri. 

e. M. pseudofilamentosa n.sp. Typical Colony from Tank Nuwarawewa. 

/. Another colony of the same, apparently showing method of division. 

g and k. M. marginata (Menegh.) Kuetz. g. Side view of typical colony ; 
h. Front view of same. 

(The scale measures loo/i, and is divided into units of lo/i each.) 
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TETRAEDROIDES SPETSBERGENSIS GEN. ET 
SP, NOV., A NEW ALGA FROM SPITZBERGEN 

(RESULTS OF THE OXFORD UNIVERSITY EXPEDITION 
TO SPITZBERGEN, No. a8) 

By B. MILLARD GRIFFITHS, M.Sc., F.L.S. 

I N the material collected by Mr Summerhayes during the Oxford 
University Expedition to Spitzbergen in the summer of 1921, an 
alga occurred which is apparently a new genus. It was found among 
the stems of a moss in a crevice of rock on Bear Island, and was 
associated with a few small diatoms and much vegetable detritus 
from the plants among whose stems it grew. 

At first glance the alga resembles a species of Tetraedron, but closer 
examination shows that the plant is not unicellular but consists of 
at least two cells. and in some cases of even three or four. The thallus 
of the commoner bicellular type is pyriform, bipyramidal or ellip- 
soidal with slightly truncated ends (Figs. 1-7). The exterior walls 
of the cells are thick but the interior transverse wall is thin. Other 
two-celled fonns are tetrahedral or pyramidal or irregularly poly- 
hedral with very thick exterior walls (Figs. 8-1 x). As a rule, one or 
more angles of the polyhedron are distinctly flattened at the apex. 
More rarely polyhedral thalli consisting of three or four cells occur 
(Figs. 12, 13) ; in these cases also, the exterior walls are thick and the 
interior walls are thin. 

Vegetative reproduction takes place by a kind of incipient thread 
formation. One or both cells of the .thallus grow out into thin-walled 
tubular extensions (Figs. 14, 15, 16). The tube .divides primarily 
by a series of constrictions, and each segment is again divided into 
two cells by the formation of a thin transverse wall. The primary 
constriction may be complete, in which case the end of the resultant 
thallus is sharply rounded off, or after constriction has partly taken 
place, the final division is accomplished by the laying down of a thick 
transverse wall which splits and sets the pairs of cells free. In this 
case the resultant thalli have the truncated apices to which reference 
has been made. 

In Fig. 17 is shown an apparently abortive attempt at the forma- 
tion of an incipient thread of about seven cells, of which the three 
lower have failed to mature. The upper part of the thread shows the 
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primary constriction of the tube and the thin transverse wall dividing 
the lower constriction-segment into two cells. 

In Fig. i8 is seen a shghtly different type of division in which 
the constriction is partial and the division has been completed by 
the formation of a transverse wall of considerable thickness. The 
segment of the initial tube thus cut off is about to be divided by a 
thin transverse wall whose rudiment can be seen on the left-hand 
side. The resultant bicellular thallus will have at least one end 
truncated when the thick transverse wall splits and sets it free. 

In Fig. 19 is seen a group of three pairs of cells which have been 
formed by a process of complete constriction into segments, followed 
by the division of each segment into two cells by the formation of 
thin transverse walls. 

One case was observed of what may be a type of asexual repro- 
duction (Fig. 20). One of the cells of the common pyriform or ellip- 
soidal type appears to be discharging four reproductive bodies 
through a small lateral pore, but the bodies are not of regular form, 
nor do they appear to be motile. Although careful search was made, 
no other example was seen. 

Each cell of the thallus contains one rather large nucleus. It is pro- 
vided with a conspicuous nucleolus, and generally lies close to the thin 
transverse wall. The chloroplasts are small and numerous, more or less 
oval in shape, and they frequently contain a small pyrenbid (Fig. 7 
shows nuclei and chloroplasts; nuclei are also shown in other figures). 

The systematic position of the alga is very difficult to determine 
without a further knowledge of its life-history. It is apparently a 
reduced member of a filamentous group but beyond that little more 
can be said with certainty. The only alga showing the least resem- 
blance is one brought to my attention by Prof. Fritch, namely 
Peniococcus Nyanm Woloszjnska, an alga from the plankton of the 
Victoria Nyanza (see Woloszynska in Beiwigia, Band 55 , Heft. 4-5, 
p. 205, 1914; Zellpflamen O^tafrikas, igzo iStudien u. d. Phytopl. des 
Viktoriasees, Taf. 7 , Fig. 14). It is a thin-walled unicellular alga 
described as “ cylindrices, irregulariter emarginatis, medio con- 
strictis ; pyrenoide singulo. Membrana hyalina. Chlorophoris muhis. 
Propagatio divisione transversa.” In the dividing stage it bears some 
resemblance to Tetraedroides forms as seen in Figs, i, 2, 3 and 7, but 
there is no trace of incipient thread formation and the bicellular State 
is a phase of division and not a permanent condition of the thallus. 

The division of Tetraedroides by complete or partial constriction 
may be a modification of the septation method seen in the Siphono- 
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clades, and the many chloroplasts and pyrenoids and the extrusion 
of spores from a lateral pore also point somewhat to that group. If 
so, Tetraedroides be considered as a much reduced member of 
the Siphonoclades, possibly derived from a i?M.20cZomMW-like ancestor, 
and bearing a relationship to the group similar to that of Plettrococcus 
to the Ulotrichales. These surmises are, however, far too speculative 
to use as a definite basis of classification. 

It might be suggested that this alga, whatever its systematic 
position may be, is a filamentous form which has assumed the bi- 
ceUular thick-walled habit as a protection against the rigour of the 
climatic conditions prevailing in the situation in which it lives. The 
incipient thread formation and the relatively thin-walled thalli might 
be considered as summer stages, and the thick-walled polyhedral forms 
perhaps as winter stages. 

DIAGNOSIS. 

Tetraejdroides SPETSBERGENSIS gen. et sp. nov. 

Thallus piriformis ellipsoidalis tetrahedralis aut polyhedralis, ex 
cellulis duabus (sed rarius tribus vel quatuor) compositus. Muri 
exteriores crassi, interiores tenues. CeUula uninucleata; chloro- 
plastides multae quarum aliquse unam pypepoidem habent. Multi- 
pHcatio vegetationalis per filum incipiens quod in geminas cellulas 
constrictione et muris transversalibus divisum est. Multiplicatio 
asexualis per sporus quatuor et nonmotiles qui ex cellula per foramen 
laterale exeunt. Thallus long. 25-42 /a; lat. 10-25 fjt,; crass, max. muri 
4 f.1. Habitatio inter muscos in rimis saxorum in Insula Spetsbergensi. 

Department of Botany, 

Armstrong College, University of Durham. 

January, 1923. 

Explanation of Plate II 

Camera-lucida drawings, x 650 

Figs. 1-7. More common type of thallus. In Fig. 4, the nuclei and chloroplasts 
are shown; in Fig. 7, ditto, some of the chloroplasts contain pyrenoids. 
Figs. 8-11, Less common polyhedral thalli; Fig. 10 shows axial view. 

Fig. 12. Three-celled thallus; empty specimen. 

Fig. 13. Four-celled thallus; nuclei shown. 

Figs. 14-19. Incipient thread formation. In Figs. 14, 15 and 16 the cell- 
contents of the tubular portions are somewhat plasraolysed. In Fig. 1 7 c, 
the upper part of the thread is segnientiug by constriction but the trans- 
verse walls have not yet appeared. In the lower part, the two lowest cells, 
b, are apparently aborting, and cell a is completely aborted. 

Fig. 18. Partial constriction and formation of thick transverse splitting wall 
at a. At fe, thin interior transverse wall is about to form. 

Fig. 19. Group of pairs of cells formed by complete constrictions alternating 
with thin transverse- wall formation. 

Fig. 20. Formation of four spores (?), of which three are already extruded from 
the cell fia a lateral pore. ; ^ 
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PERMEABILITY 
By WALTER STILES 
CHAPTER XII 

QUANTITATIVE RELATIONS IN THE PENETRATION 
OF DISSOLVED SUBSTANCES INTO PLANT CELLS ^ 

W HII.E qualitative tests of the penetration of dissolved substances 
into plant cells have yielded results of considerable interest, 
we can hardly expect to be able to formulate the laws governing the 
passage of substances into and out from the cells without adequate 
quantitative data. These data we most certainly do not yet possess; 
nevertheless what information we have is of great interest and is 
sufficient to show that the simple osmotic view of the plant cell is 
a very inadequate hypothesis and is incapable of affording a complete 
explanation of the cell in regard to its relations to dissolved substances. 
Without further preface various aspects of the quantitative relations 
of plant cells will be dealt with in the following sections of this 
chapter. 


The Unequal Absorption of the Ions of a Salt 
BY Plant Tissue 

In earher work on the absorption of salts by plant tissue it was 
assumed that salts were absorbed as such by plants. Of late years, 
however, it has come to be recognised that there may be an unequal 
absorption by plant tissue of the two ions of a single salt. In the 
light of recent knowledge certain observations of long standing 
become easily explicable on this ground, such as the acidity or 
alkalinity developed in some water culture solutions in which plants 
have been growing for a time. 

If unequal absorption of ions takes place there are necessary 
consequences of such a phenomenon. The penetration of an excess 
of one ion into the tissue cannot, on account of the attraction of the 
oppositely charged ions, take place without the replacement of this 
excess by an equal quantity of another ion carrying the same charge. 

This replacement can take place in two ways. In the first way 
an equivalent quantity of hydrogen-ion or hydroxyl-ion, as the case 
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may be, can appear in the external solution, this hydrogen-ion or 
hydroxyl-ion being derived from the solvent, in which case the excess 
of the absorbed ion is accompanied into the tissue by an equivalent 
quantity of hydroxyl-ion or hydrogen-ion according as the excess 
of absorbed ion carried a positive or negative charge. In the second 
way an equivalent quantity of some other ion carrying the same 
charge as the ion absorbed in excess, diffuses out from the tissue. 

To take a definite example, let us suppose that a particular tissue 
immersed in a solution of potassium nitrate absorbs the nitrate ion 
in excess. Either an equivalent quantity of hydroxyl ions appears 
in the solution to balance the excess of potassium ions left there, the 
excess of nitrate being accompanied into the tissue by an equivalent 
quantity of hydrogen-ions ; or an equivalent quantity of some anion 
or anions, as, for example, sulphate, malate, citrate, diffuses out 
from the tissue. If it can be shown that an imequal absorption of 
ions takes place a complete view of the process can only be obtained 
by determining the quantities of hydrogen, hydroxyl or other ions 
that appear in the external solution. 

Unequal absorption of ions by isolated tissues. Direct observations 
on the intake of the different ions of a salt by isolated tissues are 
few. Some have, however, been made by Meurer (1909) on the 
absorption of a number of salts by slices of beetroot and carrot 3 mm, 
in thickness. A few observations have also been made by Ruhland 
(igog b) on beetroot in the form of slices 3 mm. and i mm. in thick- 
ness. Some of the results of these authors are summarised in the 
following table. The absorption in every case is given as the pro- 
portion of the concentration of ion absorbed to the concentration 
of the ion in the external solution. 

Table XXX 

Absorption of Ions of a Number of Salts by Plant Tissue 
Duration 


Tissue 

Salt 

Concen- of 

tration of absorption 
, solution in days 

Relative Absorption 

Kation Anion 

Observer 

Carrot 

KCl 

iV/15 

2 

0-374 

0-287 

Meurer 


NaCl 

iV/l2 

2 ■ 

0-411 

0-258 


)» 

CaCla 

iV/14 

, '■2 

0-270 

0-229 


Beetroot 

KNO3 

Njzo 

4 

0-524 

0-570 


CaCljs 

0’4 % 

2- 

0-258 

0-0354 

Ruhland 


These results, as far as they go, give dear indications of an 
unequal absorption of ions by the storage tissues examined. The 

i 
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observations are, however, not numerous, and under the circum- 
stances it would be unwise to draw too far reaching generalisations 
from them. Indeed, no suggestion of a general rule is apparent from 
these results. Thus, with carrot the kations of most of the chlorides 
examined were, absorbed to a somewhat greater extent than the 
chlorion in each case, while with beetroot this difference is veiy much 
emphasised in the case of calcium chloride, about seven times as 
much calcium ion being absorbed as chlorion in the same time. On 
the other hand carrot absorbed more chlorion than kation from a 
solution of magnesium chloride (cf. Table XXXI), and slightly more 
nitrate than potassium from a solution of potassium nitrate. 

That this unequal absorption of ions is a property of living cells 
and not of dead tissue is shown by Meurer’s results with living and 
dead carrot tissue immersed in solutions of magnesium chloride 
(Table XXXI). Whereas with living tissue about 32 per cent, more 
anion was absorbed than kation during four days, with dead tissue 
equivalent quantities of the two ions were absorbed. 


Table XXXI 

Absorption of the Ions of Magnesium Chloride 
by Dead and Living Carrot 


Concentration 

State 

Duration of 

Relative absorption by 

of 

of 

absorption 

Kation 



solution 

tissue 

in days 

Anion 

y/24 

Living 

2 

0-327 

0-336 


Dead 

4 

0-286 

0-377 

N’izi 

2 

0-958 

0-950 

N/’gs 


4 

0-953 

0*953 

Living 

2 

0-563 

P-774 

N/ios 

>. 

4 

0-577 

0-895 

Dead 

2 


0-950 

„ 


4 

— 

0-869 


Unequal absorption of ions by whole plants. The unequal absorption 
of ions by Cucurbita Pepo was investigated by PantaneUi and Sella 
(1909), The plants were grown as in water-culture, 16 to 21 indi- 
viduals being placed in each vessel. After the roots had been 
surrounded by conductivity water for two days, the plants were 
transferred to the experimental solutions for a definite number of 
days, after which time the dry weights of roots and shoots were 
determined and the external solution analysed for both ions of tlie 
experimental salts. The results obtained are summarised in Table 
XXXII. 
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Table XXXII 

Absorption of Ions by the Roots of Living Plants of Cumrhita Pepo. 
(Data from PantaneUi and Sella) 



Concentra- 

Duration of 

Absorption in mg. ions 


tion in gm. 

experiment 

r ^ 

^ 

Salt 

mols. per litre 

in days 

Kation 

Anion 

Potassium chloride 

0-03 

6 

23-38 

30-68 

Calcium chloride 

0-02 

14 

0-00 

51-39 

Potassium sulphate 

o-oi88 

6 

11-6 

18-07 

Calcium sulphate 

0-0165 

19 

0-00 

1-98 

Potassium acid phosphate 0-02 

10 

I-I 5 

49-04 

Calcium phosphate 

0-032 

12 

I-IO 

78-93 


These results exhibit very clearly the very great differences which 
may exist between the quantities of kation and anion absorbed by 
the roots of living plants in the same time. In all these experiments 
the anion was absorbed in excess of the kation, sometimes very 
greatly in excess. Calcium was absorbed either to a very slight 
extent, or not at all. 

This work was later extended by PantaneUi (1915 a,h,c) to a 
number of other species, including freshwater plants {Elodea cana- 
densis, Azolla caroliniana) , higher land plants [Allium Cepa, Phaseolus 
multijlorus, Cicer arietinum, Vida Paha, Lupimis albus), yeast of 
barbera and marine alga; [Gigartina acicularis, Cryptonemia Lomation, 
Phyllophora nervosa, Dictyota dichotoma, TJlva lactuca, Valonia 
utfkularis). 'Hie experiments were carried out at temperatures 
between 15® and 20° C. A wider range of salts was also employed. 
Although some cases were observed in which equivalent quantities 
of the two ions of a salt were absorbed, in the vast majority of cases 
the absorption of the kation and anion was unequal. A number of 
PantaneUi's results are collected in Table XXXIII. 

Pantanelli's results, of which those shown here are only a small 
selection, show that unequal absorption of the ions of a salt is an 
almost universal phenomenon, at any rate in the concentrations 
used. Slight unequal absorption of the constituent ions of calcium 
chloride by beet, carrot and maize after the roots had been immersed 
in the solution (initially about 0*04 iV)^ for periods varying from 8 
to 39 days, was also observed by Johnson (1915). Hoagland (1918) 
found that barley absorbed more nitrate than sodium from solutions 
of sodium nitrate, but that the two ions of potassium chloride were 
absorbed by this plant in equivalent proportions. 
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Table XXXIII 

Absorption of Ions by Living Plants. (Data from Pantanelli) 


Duration Absorption 

Concentration of ex- in mg. ions 



in gm. niols. 

periment 

, A_ 

^ 

Species 

Salt 

per litre 

in hours 

Kation 

Anion 

Elodea 

Calcium chloride 

0-05 

2 

3-0 

0-41 

canadensis 

Potas.siuni sulphate 

0-05 

2 

3-44 

0-29 


Ammonium sulphate 

0-05 

2 

0-29 

2-05 

Azolla 

Calcium chloride 

0-05 

. 2 

0-26 

0-00 

caroliniana 

Potassium nitrate 

0-05 

2 

1-89 

0-91 


Aluminium nitrate 

0-0125 

2 

o-i6 

0-23 


Potassium sulphate 

0-025 

2 

2-67 

3-5 


Ammonium sulphate 

0-025 

2 

0-17 

2-28 

,, 

Magnesium sulphate 

0-025 

2 

3-58 

2-48 


Ferrous sulphate 

0-025 

2 

0-76 

0-61 

Phaseolus 

Aluminium sulphate 

0-0125 

2 

0-95 

0-062 

Calcium chloride 

o-oi 

8 

i-i8 

1-50 

multifiorus 

Barium chloride 

0-01 

8 

0-04 

0-77 

Cicer 

Potassium chloride 

0-025 

8 

0-35 

0-23 

arietinum 

Calcium chloride 

0-025 

8 

0-025 

0-14 


Potassium nitrate 

0-025 

8 

2-74 

1-95 

Ulva lactuca 

Aluminium nitrate 

0-0125 

8 

0-68 

2-31 

Calcium chloride 

0-025* 

2 

3-29 

2-79 


Potassium sulphate 0-025* 2 

* 10 c.c. of 0-25 M salt -t- go c.c. sea watei 

1-48 

o-i8 


The unequal absorption of the ions of calcium chloride by Pisum 
sativum and Zm Mays was .shown by Miss Redfern (1922 «), who 
examined the influence of the concentration of the salt on the degree 
of inequality of absorption by the former species. She found that 
the' more dilute the solution the less the divergence between the 
absorption of the two ions. Her results for the edible pea are shown 
in tabular form below (Table XXXIV). 

Table XXXIV 

Influence of Concentration on the Absorption of the Ions of Calcium 
Chloride by the Roots of Living Plants of Pisum sativum. 

(Data from Redfern) 

Percentage absorption after 36 hours 

Initial concentration ■, — : — — - — ^ ^ 

of solution Calcium Chloride 

0*1 A I774±i- 376 3-578i:0*5o6 

o-oi N I9’6i± 2*33 12-47 ii‘66 

0-001 iV 23 -io±5-30 I5‘09 ±3*73^ 

It appears hkely that the excess absorption of one ion is accom- 
panied in some cases by the solution developing an equivalent 
quantity of hydrogen or hydroxyl ions so that the solution becomes 
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acid or alkaline, while in other cases the equality of positively and 
negatively charged ions in the external solution is maintained by 
exosmosis of ions from the plant cells. The acidity and alkalinity 
that may be developed in water culture solutions, and which has 
been noticed from the time of Knop onwards, can be explained as 
a case of the former happening. On the other hand, Hoagland (1918) 
found that the culture solution in which barley was growing main- 
tained a neutral reaction, and, if the reaction was acid to start with, 
the solution became neutral after contact with the roots for a time; 

Pantanelli considered that the unequal absorption of the two ions 
resulted in the development of acidity or alkalinity at first, but that 
after a time this might disappear and the excess of absorbed ion 
become balanced by excretion of oppositely charged ions from the 
tissue. 

Miss Redfem found that the calcium chloride solutions used in 
her experiments in which the calcium ion was absorbed in excess 
remained approximately neutral throughout the experiment, while 
tests of the external solution showed that magnesium and potassium 
ions had diffused out of the tissue. Therefore the excess of calcium 
ion absorbed is replaced in this case by the diffusion out of the tissue 
of ions carrying a similar charge, and not by hydrogen ions from the 
water of the solution. 

Stoklasa, Sebor, T5/mich and Cwacha (1922) also conclude that 
the absorption of aluminium and ferric ions by the roots of living 
plants of Eriophorum vaginaium, Phragmites communis and Carex 
riparia is accompanied by the excretion of calcium, magnesium and 
sodium ions. Their conclusion is based on water culture experiments 
in which the analysis of the solutions was made after the experimental 
plants had been growing in them for 13 days. Since the aluminium 
ion is absorbed much more rapidly than the anion, this excretion of 
other kations must necessarily take place if the solution does not 
become highly acid or alkaline. 

The Position of the Equilibrium Attained in the Intake 
OF Dissolved Substances by Plant Cells 

It is a remarkable fact, and one indicating how little the com- 
plexity of the problems involved in the phenomena of permeability 
and absorption have been realised by workers in these fields, that 
scarcely any of those who have attempted to obtain quantitative 
data with regard to permeability have concerned themselves with 
the equilibrium attained in the passage of dissolved substances into 
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plant cells. Yet it is obvious that a determination of the rate of 
intake of a substance can give no indication of the permeability of 
the cell unless the position of the equilibrium in the intake is known. 
Some few writers have, indeed, had a clear conception of this. 
Thus Pfeifer pointed out that a cell might be permeable to a 
dye and yet the intake of the dye might be unobservable because 
no accumulation of the dye took place in the interior of the cell. 
Yet in employing the favourite method used in recent work for 
determining the rate of intake of dissolved substances, that is, the 
plasmoly tic method, investigators most usually do not consider the 
position of equilibrium at aU, while f'he possibility of an equilibrium 
with different concentrations of the substance inside and outside the 
ceh, is never considered. Quite usually the rate of intake is regarded 
as a measure of permeability. This would only be so if the difference 
in concentration between the external solution and the cell sap 
remained constant, which, accoi'ding to the theory on which the 
method is based, is not the case. Lepeschkin, it is true, takes account 
of the change in concentration difference between external solution 
and cell sap as deplasmolysis proceeds, and so in treating his ex- 
perimental data, is at any rate consistent with the theory on which 
he works. 

But is it correct to assume that the dissolved substance diffuses 
into the cell until there is equality of concentration of this substance 
inside and outside the ceU? Pfeffer’s work with dyes showed most 
undeniably that this is not the case with the majority of dyes 
examined by him, while it is equally certain that many substances 
occur normally in the plant in considerably higher concentration 
than they do in the external medium from which they were obtained. 
Wherever chemical combination or adsorption takes place in the 
interior of the ceU it is obvious that the assumption made in the 
plasmolytic and some other methods, that the penetration of the 
dissolved substance into the cell can be regarded simply as the 
passage through a membrane into a medium which does not react 
with the substance, is unsound. It is therefore very necessary that 
the evidence available with regard to the position of this equilibrium 
should be examined, ■ 

We may notice in the first place that a number of observations 
are on record which indicate that the concentration of a substance 
inside a cell can remain greater or less than its concentration in the 
external medium. With animal cells the case of blood corpuscles 
and serum may be cited, and with plant cells the observations of 
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Wodehouse (1917) on the concentration of various substances in the 
cell sap of (see Chapter xi). The explanation generally 

offered of this phenomenon is that the ceU membranes are impermeable 
to the substance in question, so that it can exist in different concen- 
trations on the two sides of the membrane. This cannot be the ex- 
planation of Pfeffer’s results with dyes, where the accumulation of 
the dye in the cell sap is accounted for by chemical combination of 
the dye with a cell constituent to form a non-diosmosing compound. 
But some of those who have employed the plasmolytic and other 
methods have curiously enough neglected the possibility of such a 
complication in the intake of thi substances they have examined. 

We must particularly notice in this connexion the opinion of 
Moore and Roaf (1908) and Moore, Roaf and Webster (1912), who 
rejected the theory of a membrane impermeable to crystalloids as 
the explanation of the permanent difference in concentration on the 
two sides of the membrane, and who held that the observed results 
could be adequately, and more satisfactorily, explained as due to 
adsorption of the penetrating substance by cell constituents or to 
chemical combination between the penetrating substance and some 
cell constituent or constituents in the same way as Pfeffer explained 
the intake of dyes. 

The absorption ratio. Actual determinations of the position of 
equilibrium attained in the penetration of dissolved substances are 
not numerous, and in practically no case is the method of determining 
it free from every objection. Such as they are, however, they do 
provide almost overwhelming evidence to the effect that in no 
observed case is the position of equilibrium in the intake of any 
substance necessarily one of equality of concentration in the external 
solution and the cell sap. 

Nathansohn (1903) made chemical analyses of the external 
solution and the expressed sap of the marine alga Codium after 
immersion for some days in solutions of sodium nitrate. Further 
experiments were carried out by the same author (1904 a, h) on the 
same lines with shces of tubers of Dahlia and Helianthus tuherosus 
and of the root of beet, a number of salts being used. Nathansohn’s 
observations were later extended by Meurer (1909). 

The relation between the final internal and external concen- 
trations can best be expressed by the ratio of the first quantity to 
the second. To this ratio, that of final internal to final external 
concentration, the name absorption ratio has been given by Stiles 
and Kidd (1919 a), who calculated the absorption ratios given by 
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Nathansohn’s and Meurer’s experimental results. In Table XXXV 
are shown a selection of these absorption ratios. 

Table XXXV. 

Absorption Ratios 


Tissue 

Salt 

External 

concen- 

tration 

Duration of 
absorption 
in days 

Absorption ratio 

Kation Anion 

Codium 

NaISlOa 

0*5 % 

4 

__ 

0*56 




10 

— 

0*68 

Dahlia 


1*0% 

5 

— 

0*44 



4 

0*59 



NH’NOa 


* 6 

0*51 

— 


1-5’% 

4 

0*32 

— 

Carrot 

KCl 

NI15 

4 

0*548 

0*386 


NaCl 

N/iz 

4 

0*489 

0*307 . 


It will be observed that in scarcely any case does the absorp- 
tion ratio approximate to unity, although having regard to the fact 
that thin slices of tissue were used and that the salts employed 
have fairly high coefficients of diffusion, the equilibrium condition 
could not be far off at the end of the experiment. This is also indicated 
by the value of the absorption ratio at the end of, say, four days, 
being practically identical witli. that at the end of six days in the 
case of the absorption of sodium nitrate by Dahlia tuber. 

It can therefore scarcely be argued that as all these absorption 
ratios are less than unity the reason for this is that equilibrium had 
not been reached when the experiments were brought to a conclusion. 
Moreover, in the case of the absorption of aluminium sulphate by 
carrot and other tissues Meurer found so great absorption of the 
aluminium ion from a 0*056 per cent, solution that the absorption 
ratio with carrot after two days was 11*33 and after four days 16*89. 
Of course, aluminium may be a special case, and Meurer himself 
thought it was absorbed by the cell walls. However, as we shall see 
shortly, there is no reason from the high value of the absorption 
ratio to suppose that the behaviour of aluminium is exceptional. 

In this connexion the results obtained with dyes are interesting. 
Reference has already been made to the work of Pfeifer and others 
who have shown that in the absorption of many dyes there is a 
considerable “heaping up” of the dye in the tissue. This is chiefly, 
though not exclusively, a property of the so-called basic dyes, and 
Collander (1921) has shown that a number of sulphonic acid dyes 
arc only absorbed to a comparatively small extent by many plant 
tissues. Some of the absorption ratios found by him are collected 
in the following table. 
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Table XXXVI 

Absorption Ratios of Sulphonic Acid Dyes. 
(Data from CoUander) 

External Duration 
concen- of ex- 



Tissue 

Dye 

tration in 
per cent. 

periment 
in hours 

Absorp- 
tion ratio 

A Hi uni Cepa 

Parenchyma of bulb 

Light green o-8 

46 

<o-oi6 

Uaucus Carota 

scale 

Root parenchyma 

Orange G 

0*8 

42 

<o>oi6 

I ly.-icinthus 

Corte.x of root 

Cyanol 

0‘I 

24 

<0-125 

uriciitalis 

Storage cells of bulb 


0*1 

24 

<0-125 


.scales 

Parenchyma of pe- 


O'l 

24 

<0-062 


duncle 

Bundle sheath of pe- 

Orange G 

0-8 

72 

<0-0078 



0'0I2 

24 

>4-0 


rianth leaves 


0-05 

24 

<0-25 

Pisum sativum 

Cortex of root 

Cyanol 

0-8 

24 

<0-062 

Khrec) discolor 

Spongy parenchyma 

Orange G 

0-8 

48 

<0-062 

Spirogyra sp. 

Cyanol 

0-8 

50 

<0-062 

__ 

Orange G 

0-8 

90 

<0-031 

I. 

— 

Fuchsin S 

0-8 

66 

<0-125 


it is clear then that the absorption ratios of dyes may vary within 
very wide limits, from many times unity in the case of most basic 
dyes, to less than O’Oi in the case of some tissues immersed in 
solutions of acid dyes. 

With dead tissue the absorption ratios in the case of salts are 
much nearer unity (cf . Table XXXI) . The maintenance of equilibrium 
with different concentrations inside and outside the cell is thus a 
property of living tissue. 

It is interesting to note that the maintenance of an equilibrium 
in which the concentration of a substance inside the tissue is apparently 
different from that outside has also been observed in the case of 
seeds. Brown and Tinker (1916 b) soaked grains of barley in solutions 
of aniline, phenol and acetic acid, and determined the extent of the 
absorption of these substances by analysis of the seeds. They found 
that aniline and phenol accumulated inside the seeds so that the 
concentration of these substances inside the seeds was about three 
times as great as the external concentration. With acetic acid, on 
the other hand, equilibrium was attained when the concentration of 
the acid inside the seed was about 80 per cent, of the external con- 
centration, the latter being in the neighbourhood of 40 per cent, 
(the ratio acetic acid : water being between 0*5 and 0*9). 

PlIYT, XXII. 2. 5 
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The influence of external concentration on the position of equilihrium. 
The observations already recorded suggest that the quantity of 
substance absorbed by the same tissue from a solution is relatively 
greater the diluter the solution, that is, the absorption ratio increases 
with dilution. The influence of the concentration of a solution ex- 
ternal to plant tissue on the position of the equilibrium attained in 
the intake of a number of salts has been investigated by Stiles and 
Kidd (1919 a) by means of the measurement of the electrical con- 
ductivity of the external solution. Experiments were carried out 
at constant temperature {20° C.) with carrot root and potato tuber 
in the form of circular disks i-8 cms. in diameter and i mm, in thick- 
ness, 40 such disks being immersed in 100 c.c. of solution. These 
experiments were all conducted in triplicate. For any series of 
experiments designed to yield comparable results all the disks used 
were cut at the same time and allowed to swell in water for a pre- 
liminary period. After mixing them well together each set of 40 disks 
was then taken from the general stock. The bottles used to contain 
the tissue and solutions were continuously shaken througjioiit the 
whole course of the experiment. This is a precaution to ensure regular 
results, as such treatment prevents the formation in the solutions 
of gentle diffusion gradients which may be unequal over different 
disks, especially when some of these lie on top of others. 

It has been pointed out by Stiles and Kidd that the decrease in 
the conductivity of the external solution may be assumed to be 
approximately proportional to the difference between absorption of 
the salt and exosmosis from the tissue. If the exosmosis into distilled 
water is determined and added to the values found in the experiments 
with salts, numbers proportional to the actual salt intake should 
be obtained provided there are no complications. That this is so 
cannot be assumed. 

Stiles and Kidd pointed out that the following actions would also 
bring about a decrease in conductivity and so make the values 
obtained for absorption in the way indicated, too high. 

(1) Reactions between the exudate and external solution by 
which non-ionised molecules are produced. This can be disregarded 
as a source of appreciable error having regard to the dilution of some 
of the solutions and the magnitude of the decreases with higher 
concentrations, 

(2) The exosmosis of non-electrolytes which by their mere presence 
would reduce the conductivity of the external solutions. The quantity 
of such substance winch diffuses from the tissue is probably negligible. 
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(3) A lessening of exosmosis as compared with the control on 
account of the action of the salt on the tissue. In the case of carrot 
exosmosis into distilled water is small, and if the action of the salt 
were to reduce it to nothing the results would be affected very 
little. 

Hence the method is not likely to give too high values for absorp- 
tion. On the other hand the following actions would tend to increase 
the conductivity and so render the observed measures of the absorp- 
tion too low. 

(1) Increased exosmosis resulting from the action of the salt on 
the tissues. This, long continued, leads to the death of the tissue 
(Stiles and j0rgensen, 1917 a) and consequently to loss of its turgidity. 
But at the end of the experiments there was no loss of turgor of the 
tissues employed, so that it is unlikely the values obtained for 
absorption are appreciably raised on this account. 

(2) An unequal absorption of the ions of a salt as described earlier 
in this chapter. In this event it is the approximate absorption of the 
less absorbed ion that would be measured, for the excess of the more 
absorbed ion must be replaced by an equivalent quantity of a similarly 
charged ion, either H or OH from the water of the external solution, 
or by an ion escaping from the tissue, probably the latter (Redfern, 
1922 a ) . Moreover, as the mobilities of the absorbed and replacing 
ions will be different in all probability, and as a difference in the 
clcgree of dissociation may result, the fall in conductivity will only 
give an approximate value of the absorption. Owing to the possi- 
bility of this complication the results of Stiles and Kidd are therefore 
to be regarded as giving approximate values of the absorption of the 
less absorbed ions of salts. 

In the following table are shown the absorption ratios obtained 
for the absorption by carrot tissue of various chlorides from solutions 
possessing initially concentrations ranging from o*i N to 0-0002 AT. 

The results with each salt are all strictly comparable, but the 
results with different salts should not be so compared as different 
batches of tissue were used for the experiments with each salt. 

If the logarithms of the final external concentrations are plotted 
against the logarithms of the final intemal concentrations the points 
in the case of each salt lie approximately on straight lines. In Fig. 13 
the logarithms of the final external concentrations are taken as 
ordinates and the logarithms of the final external concentrations as 
abscissa:. It will be observed that the relation is approximately a 
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Table XXXVII 


Absorption Ratios in the Intake of Various Chlorides by Carrot 
Tissue from Solutions of Different Concentrations. 

(Data from Stiles and Kidd) 



Initial 

Duration 





concen- 

of ex- 

Relative final cone. 



tration in 

periment 

, 

^ 

Absorption 

Salt 

normalities 

in hours 

Internal 

External 

ratio 

Potassium chloride 

0-0003 

52 

0-60 

0-024 

25-0 


0-002 


4-20 

0-238 

17-6 


0-02 


11*90 

4-882 

2-4 


o-i 


20-50 

26-200 

0-78 

Sodium chloride 

0-0002 

48 

0-56 

0-012 

46-7 

.» 

0-002 


4-00 

0-148 

27-0 

„ (dead tissue) 

0*02 


io-8o 

3-990 

3-5 

0-02 


4-45 

5-060 

0-88 


O-I 


17-80 

21-550 

0-83 

Calcium chloride 

0-0002 

42-5 

0-46 

0-030 

15-3 


0-002 


1-17 

0-420 

2-8 


0-02 

,, 

2-50 

4-930 

0-51 


O-I 


5-30 

22-120 

0-24 



2 3 4 5 

Log 10 (External Concentration) 


Fig. 13. The relation between final internal and final external concentration 
in the case of carrot root tissue immersed in certain chlorides. (After 
Stiles and Kidd.) 

Then, if i and e represent the final internal and final external 
concentrations respectively, the relation between the two is given 
by the equation 

log i — log e = log 
where log ^ is a constant. 








PermeaUlity 85 

This equation may be written in the form i = ke^, and this is 
the adsorption equation. (See Chapter iii.) 

Although this result does not prove that the intake of salts into 
the cell is a process of adsorption of the salt by a constituent of the 
cell, it indicates that this is a possibility. But the results do give 
clear proof that the absorption of salt by carrot root does not proceed 
until there is equality of concentration inside and outside the cell. 
With lower concentrations there is heaping up of salt inside the cell, 
while with higher concentrations the absorption ratio is less than unity. 
That this is connected with the living condition of the cells is evident 
from the fact that with dead tissue the absorption ratio approximates 
to unity as shown by Meurer's results already cited, and by the result 
obtained with dead carrot tissue in 0*02 N sodium chloride by Stiles 
and Kidd. The absorption ratio found with such dead tissue was 
0’88, whereas living tissue under otherwise exactly similar con-, 
ditions yielded an absorption ratio of 3*5. 

This work has been extended by Miss Redfern {1922 h) to the 
uptake of dyes, the same tissue, carrot root, being for the most part 
employed. The dyes used were neutral red, methylene blue, methyl 
violet, aniline blue, eosin and congo red. The absorption ratios found 
with these dyes presented in various concentrations (initially o*i, 
0*05, 0*01 and 0*005 per cent.) are shown in Table XXXVIII. 

Table XXXVIII 

Absorption ratio at equilibrium in the absorption of various dyes 
by disks of storage tissue. (Data from Redfern) 
Concentration at equilibrium 





^ 

Absorption 

Dye 

Character of dye 

External 

Internal 

ratio 

Neutral red 

Basic; semi-colloid 

0'06 

2-0 

33*3 



0-03 

I-O 

33*3 



0-0005 

0*475 

950 



0-000125 

0-244 

1952 

Methylene blue 

Basic; crystalloid 

0-032 

3*4 

106 



O-OI 

1-9 

190 



0-0008 

0-46 

575 



0-0003 

0-235 

783 

Methyl violet 

Basic; semi-colloid 

0-03 

3*5 

117 



o-oi 

2-0 

200 



0-0018 

0-41 

228 



0-00 1 

0-20 

200 

Aniline blue 

Basic; colloid 

O-I 

__ 

— 



0-045 

0-25 

5-56 



o-oo8 

O-I 

12-5 



0-003 

O-I 

33*3 

Eosin 

Acid; crystalloid 

O-I 

— 




0'045 

0-25 

.5*56 



0-0085 

0-075 

8-82 



0-004 

0-05 

12-5 
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A similar influence of concentration of tlie dye was found with 
potato immersed in neutral red solutions, with artichoke tuber in 
solutions of methylene blue and with turnip root in solutions of 
methyl violet. It will be observed that the absorption ratios are very 
much higher in the case of basic crystalloidal and semi-colloid dyes 
than in the case of the acid eosin and the colloidal, although basic, 
aniline blue, although in both cases the influence of dilution of the 
dye is to bring about an increase in the absorption ratio. Miss Redfem 
has shown that the absorption here also represents approximately 
the relation between concentration and quantity absorbed at equi- 
librium. Deviations from this rule may be partly due to the 
approximate character of determinations by the colorimetric method, 
and partly to the complicated nature of the absorption process. 

The dependence of the position of equilibrium on the nature of the 
absorbed substance. We have already noted in the case of dyes that 
the intake of a dye by plant tissue depends very greatly on the nature 
of the dye. In general basic dyes are absorbed to a very much greater 
extent than acid dyes, although this rule is not without exception, 
while among each group of dyes there is considerable range of varia- 
tion in the extent of intake. Stiles and Kidd (1919 h) have shown 
the same to be the case with salts. In Table XXXIX are shown the 
absorption ratios they found in the absorption by carrot tissues from 
solutions of a number of chlorides, sulphates, nitrates and potassium 
salts in initially the same equivalent concentration, namely, 0*02 N, 
The results within each group are strictly comparable. 

Table XXXIX 

Absorption Ratios of a Number of Chlorides, Sulphates, Nitrates and 
Potassium Salts presented to Carrot Tissues in a Concentration of 
0*02 N 


Group 

Salt 

Duration of 
experiment 
in hours 

Absorption 

ratio 

I 

Potassium chloride 


3-58 


Sodium chloride 


3’49 


Lithium chloride 


X‘i 6 


Calcium chloride 


I'og 

II 

Potassium sulphate 

64-5 

0'5i 


Sodium sulphate 

,, 

0-46 


Magnesium sulphate 

,, 

0*097 

III 

Potassium nitrate 


4‘65 


Sodium nitrate 

3-30 


Calcium nitrate 


,fIQ 


Aluminium nitrate 


0-53 

IV 

Potassium chloride 

42 

1-99 


Potassium sulphate 

0-55 


Potassium nitrate 


2-20 
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These results show clearly that the extent to which a salt is 
absorbed by the particular tissue used depends both on the kation 
and anion of the salt. Salts having the same anion are absorbed in 
the order K, Na, Li, [Ca, Mg], Al, while salts containing the same 
kation (K) are absorbed in the order NO3, Cl, SO4. This means, as 
far as these results go, that salts containing two univalent ions are 
absorbed much more rapidly than salts containing a divalent or 
trivalent ion. The difference in the position of equilibrium of K, Na, 
and Li salts on the one hand, and of Ca on the other, is very striking, 
and so is the difference in the position of the equilibrium between 
chlorides and nitrates on the one side and sulphates on the other. 

The influence of the thickness of the tissue on the position of equi- 
librium. The only experiments of which I am aware dealing with 
this question are those of Ruhland (1909 h), who compared the 
absorption by equal weights of disks of beetroot 3 mm. and i mm. 
in thickness immersed in 0-4 per cent, calcium chloride, and of carrot 
disks of the same two thicknesses in i per cent, ammonium, nitrate. 
His results are shown in Table XL. 


Table XL 

Influence of the Thickness of the Tissue on the Absorption Ratio 



Initial 

Dura- 

Thick- 




concen- 

tion 

ness 

Absorption ratio 


tration in of expt. 

of tis-sue 

^ 



'I'issuo Salt 

per cent. 

in days 

in mm. 

Kation 

Anion 

Carrot Ammonium nitrate 

I 

7 

3 

0*5276 



Beetroot Calcium chloride 



I 

0*8342 



0-4 

2 

3 

0*2582 

0-0354 




I 

0*3421 

0*0522 

>. II 1. 

„ 

4 

3 

0*3266 

0*0486 


„ 

I. 

I 

0*5616 

0*0826 


It is clear that in these experiments the extent of absorption by 
an equal weight of tissue was considerably increased by increasing 
the surface of the tissue directly exposed to the solution. While this 
result is understandable on the view that the absorption of the salts 
examined is controlled by adsorption, yet the results are so few that 
it would be premature to elaborate an explanation of the results. 
Clearly the question is deserving of further examination. 

The Course of Absorption of Dissolved Substances 
The course of absorption of a number of salts by storage tissues 
(carrot root and potato tuber) at a fixed temperature of 20° C. has 
been determined by Stiles and Kidd (1919 a, b) by the electrical 
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conductivity method already described. These investigations yielded 
information on (i) the influence of concentration on the rate of intake 
of salts, (2) the dependence of the rate of absorption on the nature 
of the salt, and (3) the course of absorption in general. Some informa- 
tion on these questions and on the influence of temperature, light and 
wounding on the absorption of dissolved substances is also available 
from other sources. 

Influence of concentration. This was investigated for the case of 
a number of chlorides; namely, those of potassium, sodium and 
calcium, the salts being used in concentrations of o-i N, 0-02 N, 
0-002 N and 0-0002 N in each case. The data obtained with each salt 
are all strictly comparable with each other, the disks of tissue 
employed being all from one batch. 

The actual measurements obtained in the case of carrot are shown 
for the three salts in Table XLI and the results for potassium chloride 
are recorded graphically in Fig. 14, where the relative absorption 
has been assumed proportional to the sum of the fall in conductivity 
of the solution and the rise in conductivity of the same quantity of 
distilled water containing the same quantity of the same tissue. 

Table XLI 

Changes in Electrical Conductivity of Solutions of Various Chlorides 
of Different Concentrations containing Carrot Tissue (40 Disks of 
Carrot, i-8 cm. in diameter and i mm. thick, immersed in 100 c.c. of 
each Solution). (Data from Stiles and Kidd) 



Time 

iu 

hours 

Change in conductance of external solution 

Salt 

Distilled 

water 

0*0002 N 

0*002 A/ 

0*02 N 

0*1 

Potassium 

0-5 




- 3 

- 167 

~ 610 

chloride 

6-0 

+ 80 

+ 58 

- 48 

- 372 

~ 970 


24-0 

+ 145 

+ 92 

- 196 

- 892 

- 1600 


52-0 

+ 196 

+ 137 

-223 

- 992 

-1850 

Sodium 

3-0 

+ 36 

-1- 30 

-1- 18 

~ 113 

- 560 

chloride 

34-0 

+ 87 

+ 57 

-124 

- 476 

-1070 


41*5 

+ 66 

+ 19 

- 287 

- 885 

-1580 


48-0 

+ 58 

4 - 2 

-340 

-1020 

-1720 

Calcium 

0-5 

— , 

■ , — ■ 

+ 3 

- 71 

- 343 

chloride 

14-5 

+ 64 

+ 35 

- 53 

- 145 

~ 457 


20-5 

+ 86 

+ 53 

- 57 

- 125 

- 370 


36*25 

+ 60 

+ 17 

-105 

- 181 

- 503 


42-5 

+ 54 

+ 8 

-116 

- 195 

~ 470 

It is 

very clear from these tables and figures that 

the rate of 


absorption of salt is dependent on the concentration of the salt, the 
greater the concentration the more rapid the absorption. Similar 
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results were obtained by Miss Redfem (1922 h) with dyes. This does 
not mean, of course, that the rate of equilibration is more rapid in 
the case of stronger solutions, for a greaterquantity of saltis absorbed. 

The influence of concentration on the absorption of aniline dyes 
was examined by Sziics (1910). His method is not ideal. Filaments 
of Spirogyra were placed in solutions of methyl violet of different 
concentrations varying from 0*000125 to 0*00125 per cent, and the 
time determined that had to elapse for the cells to acquire a standard 
depth of tint. It was found that the product of time and concen- 
tration was a constant over this range of concentrations, from which 



Fig. 14. Absorption of potassium chloride by carrot root tissue immersed in 
solutions of various concentrations. (From the data of Stiles and Kidd.) 

it was concluded that Pick’s law holds for the absorption of the dye. 
It will be remembered that Pick’s law states that 

dQ^-DA^dt, 

where dQ is the quantity of substance diffusing through a cross- 
section of area A in the time dt, D being the coefficient of diffusion and 
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g- the concentration gradient in the line of flow. Sziics assumes that 

the concentration gradient remains constant in each case throughout 
the time of the experiment, as the concentration of the external 
medium remains practically the same, and the dye is bound in the 
cell in some osmoticaUy inactive form. Hence in the case of each 
concentration the quantity of dye absorbed will be proportional to 
the time and hence 

Q = kCt 

where Q is the total quantity of dye absorbed in the time t when the 
concentration of the dye in the external medium is C, and A is a 
constant depending on the coefficient of diffusion and the dimensions 
of the cells, presumably assumed equal in all cases. 

Since Q is the same in all the experiments, it follows that if 
Pick’s law holds, Ct must be a constant. Experiments with neutral 
red showed that Pick’s law does not hold with regard to the absorption 
of this dye by Lemna minor. This is attributed to a complication 
arising through the adsorption of this dye by the cell wall. According 
to Ruhland {1908 a, b) this adsorption is prevented by the presence 
of hydroxyl-ions, and Sziics found that when neutral red was dissolved 
in 0*005 ^ sodium hydroxide, the product of the concentration and 
time required for the absorption of a definite quantity of dye was 
a constant both when Lemna and Spirogyra were used. 

The influence of concentration on the rate of intake of two 
alkaloids (piperidine and quinine) and a purine (caffeine) by two 
species of Spirogyra, was examined by Trondle (1920) by essentially 
the same method, the time being measured that was necessary for 
these substances in various concentrations to produce a visible 
precipitate in the cells. The same result was obtained as Szucs had 
found in the case of methyl violet, namely, that the product of concen- 
tration and time is constant. This result supports the view that Pick’s 
law of diffusion is followed. This is in marked contrast with the 
results obtained by Trondle for the intake of salts, to which reference 
is made later in this chapter. 

The rate of absorption of different substances. Pour sets of com- 
parative experiments were carried out by Stiles and Kidd to determine 
the differences in the rate of intake of a number of (i) chlorides, 
(2) sulphates, (3) nitrates, and (4) potassium salts. All the salts were 
employed in the same equivalent concentration, namely, 0-02 N, and 
the experiments wdre all conducted at the same temperature of 20° C, 
The relative absorption of the different salts after different times as 


Permeability 91 

indicated by the change in electrical conductivity is shown in Table 
XLII for the nitrates examined. 

Table XLII, 

Absorption of Salt by Carrot Tissue from Solutions of Various Nitrates 
in a Concentration of 0*03 N. (Data from Stiles and Kidd) 


Change in conductance of solutions 


Time 

in 

Potassium 

Sodium 

Calcium 

Zinc 

Aluminium 

hours 

nitrate 

nitrate 

nitrate 

nitrate 

nitrate 

0-5 

- 183 

- 89 

- 86 

“ 57 

- 20 

19-25 

- 8gi 

- 659 

-215 

+ 107 

-135 

71-50 

- 2032 

-1360 

-493 

+ 540 

-268 


These results are in themselves sufficient to show that the initial 
rate of absorption is dependent on some other factor besides the 
position of equilibrium. These experiments and those made with 
chlorides and sulphates indicate that if kations are arranged in order 
of the initial rate of absorption of salts containing them and a 
common anion the following series is obtained : 

K, [Na, Ca], Li, Mg, Zn, Al, 

the relative position of ions placed within square brackets being 
doubtful. The chief difference between this order and that of the 
total amount of salt absorbed lies in the position of calcium in the 
series. Mobility of kation and coefficient of diffusion appear to play 
a considerable part in determining the initial order of absorption, 
as might indeed be expected. 


Table XLIII. 

Absorption of Salt by Carrot Tissue from Solutions of Various 
Potassium Salts in a Concentration of 0*03 N, 

{Data from Stiles and Kidd) 


Time 

in 

Change in conductance of solutions 

Potassium 

Potassium 

Potassium 

hours 

chloride 

sulphate 

nitrate 

0-25 

- 145 

-212 

- 197 

2-25 

- 233 

- 258 

- 2r.4 

ig-o 

- 550 

-266 

— 625 

42-0 

- 1042 


' -1152, 


The experimental results with three potassium salts are shown 
in Table XTIIT. From these results it appears that the initial order 
of absorption of anions is 

S0„N09,C1, 
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while the hnal order is NOg, Cl, SO4, 

the change again being due to the position of the divalent ion, in 
this case sulphate. 

Fitting (1915) and Trdndle (1918 a) have attempted to follow the 
rate of absorption of salt by measuring the rate of deplasmolysis by 
their methods described in the last chapter. Fitting concluded that 
potassium chloride and potassium nitrate penetrate with ease the 
protoplast of the epidermal cells of Rhc&o discolor, but that potassium 
sulphate penetrates much more slowly. Sodium chloride and sodium 
nitrate both penetrate into the cells, whereas lithium chloride and 
lithium nitrate enter much more slowly. Magnesium chloride, nitrate, 
and sulphate only penetrate slowly, while no penetration of calcium 
and barium salts examined could be observed. The order of absorption 
found by Fitting for kations was thus 

[K, Na], Li, Mg, [Ca, Ba], 
and for anions [NOg, Cl], SO4. 

Later, Fitting (1919) examined the permeability of the same and 
other cells to glycerol and urea and concluded that urea was absorbed 
at about the same rate as potassium nitrate or sodium chloride, but 
that glycerol was absorbed much more rapidly. 

Trondle employed the same method in order to determine the 
intake of salts by roots of Lupinus dhus and palisade ceUs of the 
leaves of Acer piatamides and Sdix hahylonica, and decided that 
kations were absorbed in the order 

Rb, K, Li, Mg, Ba, Sr, Ca, 
and anions in the order NOg, Cl, SO4. 

Kahho (1921 d) investigated the entrance of a number of salts 
into the young roots of the yellow lupin by means of Lundegirdh’s 
method of tissue contraction and extension described in the last 
chapter. In order to obtain comparable results with different salts 
isotonic solutions were used, Fitting's values {1917) of isotonic co- 
efficients being accepted. Kahho came to the conclusion that the 
order of absorption of kations is 

K, Na, Li, Mg, [Ca, Ba], 
while the order for anions is 

[Br, I, NOg], Cl, tartrate, SO4, citrate. 

While all these results agree in the main with those of Stiles and 
Kidd, it is clear from the residts obtained by the latter workers that 
the plasmolytic and tissue extension methods cannot be expected 
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to give a quantitative measure of absorption. For tliese latter 
methods are based on the assumption that after entering the cell 
the absorbed substance remains in solution in the same condition 
as it previously existed outside, so that if it were capable of entering 
the cell it would do so until there were equality of concentration 
inside and outside the cell, unless the permeability of the cell mem- 
branes to the substance became reduced to approximately zero. But 
as a matter of fact this assumption cannot be correct, for the position 
of equilibrium depends on the nature and concentration of the 
substance . Consequently the rate of deplasmolysis does not necessarily 
give a measure of the total absorption of solute, but only of the 
increase in the osmotic concentration of the cell sap, which may be 
a very different thing if the whole of the absorbed solute does not 
remain in solution and so retain its osmotic activity. 

That such a complication is possible was indeed recognised by 
Fitting (1919), and also by Hofler and Steigler (1921) who investigated 
the intake of urea by means of Hofler’s plasmometric method. Some 
of the results obtained by Hofler and Steigler may be quoted. They 
found a tissue, the red-violet epidermis of the stem of Gmtiana 
Sturmiam, which absorbs urea with remarkable rapidity. The mean 
osmotic concentration of these cells lies between 0*4 M and 0*55 M 
sucrose. When these cells, after a preliminary washing in water for 
about twenty minutes, are placed in a gram-molecular solution of urea, 
the intake of urea is such that the concentration of this substance 
inside the cells increases by about 0-02 to 0*07 gram-molecule per 
minute. This compares with about 0*05 and o*o6 gram-molecule per day 
found for the intake of this substance by the epidermal cells of the 
underside of the midrib of the leaf of Rhceo discolor by d^Yvks (1889 b) ; 
o*oo8 to o-oi6 gram-molecule per hour found for the same tissue by 
Fitting (1919) ; o-oi to 0*03 gram-molecule per hour by the parenchy- 
matous cells of the intemodes of Tradescantia elongata immersed in a 
plasmolysing solution of concentration 0-50 M found by Hofler; and 
0-04 to o-ii gram-molecule per hour found by the same author for the 
intake of urea by the bulb scales of Allium Cepa. If the concentration 
gradient is taken into account, the absorption of urea by the epidermal 
cells of the stem of Gentiana Sturmiana is thirty times as rapid as in 
the bulb scales of Allium Cepa, forty-five times as rapid as in the case 
of Rhceo discolor and sixty times as rapid as in the case of Tradescantia 
elongata. 

This rapid intake is not shown by other substances, for the 
same cells of Gentiana Sturmiana immersed in o*6o M potassium 
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nitrate absorb this salt so that (in the mean) the concentration inside 
the cells increases at the rate of about 0*006 gram-molecule per hour. 
This is of the same order as the rate found by Fitting and Hofler for 
Rhceo discolor and Tradescantia elongata respectively. Thus, we have 
evidence that the order of intake of different substances is different 
with different tissues, for in the case of epidermal cells of Gentiana 
Sturmiana urea appears to be absorbed about 170 times as fast as 
potassium nitrate, but in the epidermal cells of the leaf of Rhceo discolor 
at about the same rate, while Hofler finds for the stem parenchyma 
cells of Tradescantia elongata that potassium nitrate may be absorbed 
up to five times as fast as urea. 

It is also interesting that other cells of Gentiana Sturmiana do 
not show the same high rate of absorption^ of urea, as the sub- 
epidermal cortical ceEs were found to absorb this substance so that 
its concentration inside the cells increases at the rate of about 0*002 
gram-molecules per minute. A similar difference between epidermal 
and cortical cells was also observed in Euphrasia Rostkoviana, 
Melampyrum sylvaticum, Veronica Beccahunga, jffomogyne alpina and 
Taraxacum officinale. 

A high rate of uptake of urea, as weU as of ethyl alcohol, anti- 
pyrin and tartaric acid, by the curious hairs extruded from the 
epidermal cells of the seeds of Cuphea lanceolata immersed in water, 
has been recorded by van Wisselingh (1920), but it is doubtful whether 
van Wisselingh’s experiments were rightly interpreted, for it is not 
at all certain whether we are here concerned with an action of the 
living cell or with reactions of a dead constituent of the epidermal 
cells (cf. Ruhland, 1922). 

1 Hofler uses the term permeability as practically synonymous with rate 
of absorption. , 


(To he continued) 


CONVOLVULUS NITIDUS BOISS., FROxM THE 
BALKAN PENINSULA 


By W. B. TURRILL, M.Sc. 

Royal Gardens, Kew 

I T is well known that a considerable number of plants are common 
to the Iberian and Balkan Peninsulas but have not been found in 
Italy. This is usually, and probably correctly, explained on the basis 
of the geological history of the countries of the Mediterranean Basin. 
In the centre of both Spain and the Balkan Peninsula there is a 
considerable area of ancient land which has probably never been 
submerged entirely, at any one time, since, at least, the beginning 
of the Tertiary epoch, Italy, on the other hand, is geologically a 
young country and owes most of its land surface to foldings and 
elevations which took place in Miocene and Pliocene times. Hence, 
it is reasonably concluded tliat those species of plants which occur 
in the Iberian and Balkan Peninsulas but miss Italy attained their 
wide east and west distribution before the Italian peninsula, as we 
now know it, was formed. Additions to the number of species having 
the type of distribution just outlined naturally excite considerable 
interest and the discovery of a species of Convolvuhts, hitherto known 
only from Spain, in the mountains of the Balkan Peninsula, is 
decidedly worthy of record. 

Dr N. Stoianoff, Professor of Botany in the Faculty of Agriculture, 
Sofia University, sent to Kew specimens of a Convolvulus under the 
provisional name of C. cochlearis, the specimens having been collected 
by him in Mt Ali-Botusch. They have been definitely determined by 
the present writer as Convolvulus niiidus Boiss. This species was first 
described by Boissier, in his Voyage hotanique danslemidi de I’Espagne, 
2, 417 (1839-1847), from specimens collected “in argillosis calcareis 
aridissimis regionis alpin®, Sierra Nevada ad Trevenque supra San 
Geronimo, Dornajo, Aguilones de Ddar. Alt. 6300^-7000'. FI. Jul.” 
The plant appears to be fairly common in the Sierra Nevada and 
there are also specimens in the Kew Herbarium from the Sierra del 
Mana and the Sierra de Segura, both in the south of Spain not far 
distant from the Sierra Nevada. In Vol. i, at Table CXXII, of the 
work cited above, Boissier gives an excellent coloured representation 
of the plant, accompanied by analyses of the flower. 
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A morphologically very closely related species is Convolvulus coch- 
learis Griseb., originally described {Spic. FI. Rumel. 2 , 76, 1844) 
from Eastern Anatolia (legit Donietti). A type-specimen has not 
been seen by the writer but there seems no doubt from the description 
that the Greek plants referred to this species by Boissier (FI. Or. 
4 , 98) andby Halacsy (Consp. FI. Gr. 2, 306) are specifically identical 
with it. The name Convolvulus parnassicus was given by Boissier and 
Orphanides (Diagn. Ser. 2 , 3, 125) to the Greek plant, but later this 
name was reduced by Boissier to a synonym of C. cochlear is Griseb. 
While the majority of specimens from Spain of C. nitidus can be 
easily separated from the AnatoHan and Greek C. cochlearis by the 
less compact habit, often longer flowering branches, and larger and 
longer and less spathulate leaves, there is no doubt that the two are 
very similar in morphological characters and are presumably closely 
related phylogenetically. Indeed, part of the material distributed 
under No. 339 Huter, Porta and Rigo, ex itinere hispanico 1870, from 
Mt Dornajo, Sierra Nevada, can scarcely be distinguished from 
Greek specimens of C. cochlearis. In any case the Ah-Botusch plant 
is certainly C. nitidus Boiss. and not C. cochlearis Griseb., whether 
this latter be regarded as a species distinct from the former or as only 
a variety of it. 

Mt Ali-Botusch, which has yielded many interesting plants to 
the researches of Prof. Stoianoff, may be regarded as an outlier to 
the south-west of the great Rhodope massif, itself the home of 
numerous rare species of plants. The specimens of Convolvulus nitidus 
from the mountain and referred to in this note were collected on 
July loth, 1920, between 1800 and 2000 m. altitude, on limestone 
rocks. 
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EDITORIAL NOTE 

THE TEACHING OF BOTANY 


T he following article by Dr F. E, Clements, and another which 
we hope to publish later, have been contributed on the invitation 
of the Editor. The author was rather in doubt as to the wisdom of 
publishing views formed under American educational conditions in 
an English journal. Dr Clements’s views are, of course, revolutionary 
in the strictest sense, and the Editor is far from being prepared to 
advocate their full adoption in this country, even if there were any 
possibility of such a thing coming to pass ! At the same time he is 
quite sure that it will be profitable to British teachers of botany to 
read, with an open mind, what the author has to say. The Editor is 
in full agreement with Dr Clements on at least one point — -the extreme 
desirability of more experiment, and controlled experiment, in methods 
of teaching. The tyranny of tradition is far too strong in teaching, 
particularly in university teaching. And it is remarkable that this 
should be true in science as much as in other subjects, when we 
remember that science owes its life to unfettered observation and 
experiment. It is surprising, as Dr Clements points out, that scientific 
workers should seldom think of applying the methods of research to 
the process of education. 

Proposals for the reform of elementary university teaching, which 
seemed to their authors rather obviously sound so far as they went, 
and at the same time thoroughly workable, were put forward in this 
journal some years ago. They were greeted by one distinguished 
botanist as “Botanical Bolshevism.” It is always desirable to keep 
a sense of proportion; and Dr Clements’s articles will have served 
one good purpose if they demonstrate the difference in this field 
between “left wing” idealism and progressive constitutional 
Liberalism. We can learn useful lessons from idealism even if we 
do not consider its schemes practicable. 

PhYT. XXII. 3. 7 
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THE ECOLOGICAL METHOD IN TEACHING 
BOTANY 

By FREDERIC E. CLEMENTS 

A QUARTER of a cciitury ago a young instructor in botany was 
beginning to question teaching methods at the same time that 
he was seeking a quantitative basis for ecological research. The 
endeavour to measure the responses of plants in their habitat sug- 
gested the desirability of applying measures to student response. 
At the outset it was found that a change from the apparently 
universal practice of announcing examinations beforehand to that 
of testing the progress of the student by unannounced questions 
showed a serious discrepancy between supposed and actual accom- 
plishment. In the attempt to remedy this and to make the student’s 
knowledge certain and available at all times, a series of experimental 
studies was begun which continued until 1917. The essentials of this 
method of research were summed up as follows in 1911: “I cannot 
close without pleading that we make the teaching of botany a matter 
of experiment. We should be ecologists who study the student, the 
method, the matter, and the results, both as to knowledge and 
training, in an exact, quantitative manner. If we do this we shall 
get rid of our loose opinions that for the beginner in botany any 
method is as good as any other method, and that the results must 
be good because we have done the work. I feel sure that the use of 
experiment in connection with our methods of teaching, and the 
measurement of results will go a long way toward changing our 
present methods and improving our present results^.” 

It is impossible to understand why botanists and scientists 
generally, who are familiar with the methods and principles of 
research in their own fields, should never have thought of applying 
these to the problems of teaching. While tradition and inertia 
perhaps account for this in some degree,, they do not explain why 
the brilliant advances in science have not been accompanied by 
corresponding progress in teaching. Some teachers will maintain 
that they do carry out experiments in teaching, but if published 
results are to be taken as an index, such experiments are altogether 
^ Science, 38 , 645, 1911. 
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exceptional, as well as desultory and unchecked. Certainly it cannot 
be gainsaid that the serious faults of current university and college 
teaching are due to the failure not only to realise that teaching is 
as proper a subject for investigation as botany, chemistry, or psy- 
chology, but also to recognise that it will cease to be a mass of 
undigested opinions only when the methods and criteria of research 
are consistently applied to its reconstruction. 

It is not the purpose of this paper to deal with the fetishes and 
traditions that cluster so thickly about university teaching. These 
are, among the most serious obstacles to its progress, since they are 
so often employed as substitutes for actual thinking about the 
matter. They are exemplified by the threadbare statements that 
any method gives satisfactory results in the hands of a good teacher 
and that the content suited to a special student is equally good for 
a general one. Even more unfortunate is the custom that demands 
for the lecture the ablest and most experienced members of the 
staff, and assigns to the laboratory the newest and most callow of 
assistants, because of the prestige of the one and the so-called 
drudgery of the other. While these and other shibboleths are unim- 
portant to the teacher who approaches his problem in the spirit of 
research, they do serve as touchstones by which to recognise the 
forward-looking men on whom the burden of making teaching a 
science must fall. 

To those who regard teaching as dependent upon experimental 
and quantitative investigation, the problem is essentially one in 
ecological research. This is equivalent to saying that it is a problem 
involving responses to stimuli, which can be adequately studied 
only by means of measurement and experiment. The essence of this 
is the community or group consisting of the teacher and students, 
in which response, reaction, and con'elation can be measured in an 
environment that also permits of measurement. From the stand- 
point of the teacher investigation can be directed specially toward 
environment, methods, content and materials, or results, but each 
must receive its proper attention in a successful system. While the 
value of the final product can be determined only by the measurement 
of results, the desired results can be secured only by the experimental 
treatment of environment, method, and content. Although the 
student is much more of an individual than the plant or animal, his 
individual and community responses are susceptible of fairly accurate 
study and measurement. 

The scrutiny of objectives is the fimt and perhaps most difficult 
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task of the teacher who would investigate his own teaching. Since 
university teacheiB are practically all specialists, it is not strange 
that they should have fallen into the almost universal error of 
teaching their subject rather than the student. Indeed, they rarely 
teach the subject, but only that fragment in which they are inter- 
ested. Again, this statement will be sharply challenged by a certain 
type of teacher, but a glance at his courses will always reveal where 
his primary interest lies. Until the teacher is convinced that the 
student is vastly more important than the subject and hence that 
his interests must be controlling, he is unprepared for an adequate 
study of his problem. In this connection one of the greatest illusions 
of the average professor is that facts are unimportant and that only 
the great principles of his subject are worth being taught. This dis- 
closes a curious misconception of the r 61 e of facts in the development 
of science, as well as of the principle of recapitulation, in accordance 
with which the mental development of the individual must reflect 
that of the race. It is only through facts that the student can find 
his own way to principles, just as it was done by scientists before 
him, and it is a sad mistake to assume that this can be discovered 
for him by the professor. In short, the student must himself be an 
investigator to whom facts are the indispensable materials with 
which he builds. 

The inquiring teacher will discover that there is but one objective 
worthy at once of true teaching and of life’s opportunities. This is 
the training of students to be investigators from the outset, and in 
general courses even more than in special ones, since they afiEord 
the only chance of such training for the great majority. He does 
not need to trouble himself over any fancied difference in the needs 
of the general and special students in elementary courses, since to 
acquire the spirit and method of investigation is to give each the 
most valuable thing possible. Such teaching involves definite and 
detailed training to observe, to experiment, to think, correlate and 
apply, and the use of processes and materials to develop interest 
and knowledge that will be permanent, useful, and usable. It should 
yield the largest possible human return in the field of botany, but it 
should go far beyond this, and give human values in insight, vision, 
and objectivity, that are indispensable to social progress and can 
be secured in no other way. Science itself can be made to contribute 
as readily to war and reaction as to peace and progress, and it is 
only by teaching the research spirit in all things that ethics can be 
made the ruling force in civilisation. 
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The basic principle of the process-inquiry system is to make the 
student as independent of the teacher as companionship in learning 
will permit. Nothing should be done for the student that he can do 
for himself, and under the sympathetic encouragement of a research 
teacher he can do everything that a course should ask him to do. 
This means that he should have an active share in planning a course 
that will suit his interests and need, in selecting and organising the 
processes and materials to be used, and in testing methods and 
measuring results. Teachers and students should be partners in the 
business of fashioning the best training possible, and of carrying its 
values over into everyday life. When this is once fully appreciated, 
the detailed methods of research teaching and learning readily be- 
come evident. Every method that promotes initiative, independence, . 
and insight is to be encouraged, while every one that permits leaning 
upon the teacher, in the form of lecture, textbook, or notebook, is 
to be discouraged. The contention that lectures and textbooks are 
necessary because the student cannot possibly touch all the essentials 
of a course at first-hand is at fault for several reasons. It assumes 
that what a student writes in an examination represents mastery 
and not memory, and also that a set examination furnishes reliable 
evidence of what he remembers. Moreover, it is based upon an 
entire ignorance of what students can do where their initiative and 
independence are encouraged, as well as of the effect of predigested 
knowledge upoii-mental fibre. The teacher can quickly demonstrate 
the relative value of lectures and textbooks by means of unexpected 
tests of various sorts, of which the written examination is the least 
valuable. In most elementary and many advanced courses in botany 
the laboratory notebook belongs properly in a course of drawing, 
were it not for its indifferent quality. Many notebooks indeed 
contain nothing but labelled drawings made under the eye of the 
instructor with much docility but little imderstanding. Here again 
it requires but little investigatioh to demonstrate that what is given 
to the notebook is taken from the memory, and that a sturdy mental 
independence is not thus to be secured. 

The results obtained by the students working independently are 
compared and checked at the time by the method of group dis- 
cussion. In this the teacher takes just as small a part as possible, 
and the ideal is approached when the group is able to find its own 
way readily and accurately with but occasional questions or sug- 
gestions from him. Group discussions should always be held on the 
actual spot where the work is being done, whenever the class is 
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brimming over with results and ideas that require comparison, 
checking and correlation. It is all but fatal to postpone discussion 
until the glow of inquiry has faded and then to hold it in the ordinary 
class-room with stiff rows of seats. Spontaneity and enthusiasm are 
invaluable group assets, and they can be obtained in the highest 
degree only in actual contact with living plants. This has a further 
advantage that differences of opinion can be referred directly back 
to the plant for answer. Hence, there should be no distinction between 
laboratory and class-room, but ail of the work, both individual and 
group, should be done where the plants are, whether this be the 
greenhouse, garden, field, or (much less satisfactory) the ordinary 
laboratory. 

The content of elementary courses in botany and other sciences 
has practically always been determined by the interest and ex- 
perience of the professor in charge, and rarely are the needs and 
interests of the students taken into account. Abundant evidence of 
this can be discovered during the course itself, but the most con- 
clusive testimony is furnished by the complete indifference of the 
vast majority of general students to the plant world after the course 
is finished, and the gradual extinction, in America at least, of the 
botanical amateur. To one that has inherited a course in elementary 
botany or has patterned one after the usual models, it seems revo- 
lutionary to contend that the students should be given a large or 
even a controlling share in determining the content as well as the 
methods of such a course. To one who has tried both ways, it seems 
incredible that teachers should still continue to feel that they alone 
know what is best for their students, and to give them such pabulum 
as the differentiation of the stele or alternation of generations. The 
practice still current of placing a section of some part of an unknown 
and invisible plant under the microscope for the purpose of having 
it drawn would be ludicrous, if it were not so wasteful of interest and 
opportunity. It is impossible to detail in a brief paper the cumu- 
lative evidence brought by students against the elementary course in 
which morphology is paramount. Moreover, it is unnecessary to do 
so when tliey are giving a proper share in determining the content, 
selecting the materials, and organising the methods of investigation. 
In every instance they have chosen to deal with growing plants 
familiar in field and garden, and they reach morphology and histology 
in the professional sense through the intense interest aroused by the 
study of function. 

Perhaps the one greatest handicap to effective teaching has been 
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the lack of methods for ascertaining results. While there is no hope 
for the teacher who knows that the results are good because they 
are his, such fortunately are rare, and the great majority will 
doubtless welcome methods that enable them to know what their 
results are. Many a professor has admitted that his teaching did not 
secure tangible results, but has insisted that he did obtain intangible 
ones, which are much the more important. Likewise it has often 
been conceded that a year or two of elementary work left the student 
with little or nothing of value, but stoutly maintained that this was 
not true of the professional student. In this connection it will suffice 
to call attention to the general dissatisfaction as to the preparation 
of young botanists expressed by the heads of scientific bureaus. The 
actual measurement of results shows that we do no better by pro- 
fessional than by general students, when allowance is once made 
for their greater incentive and the cumulative effect of advanced 
courses. 

The progressive teacher who would measure the value of his 
teaching must at the outset divest himself of prepossession, his own 
as well as that of his best students who especially affect his courses. 
More than one such student has been known to speak glowingly of 
the merits of this or that course, only to fumble miserably when 
asked to give concrete evidence of its value in his own thinking. 
The teacher may first wish to determine merely the extent to which 
the students retain the knowledge of the course, and this is readily 
done by unexpected questions, written or oral, during the term. Much 
more important is to ascertain what is left of the course after a 
summer’s vacation and after the lapse of a year or more, as it is this 
alone that can materially affect the student’s thinking or his habits. 
Tests of this are more difficult to apply, except where the student- 
continues with the same teacher. They require cooperation through- 
out a department or a college, and can be made successfully only 
when there is general appreciation of the necessity of research in 
teaching. By far the most important tests are those that have to 
do with the student’s complete progress rather than with the memory 
primarily. These are termed practical, applied, and correlation tests, 
and are directed especially to the skill and accuracy with which he 
can organise his results and apply them to other problems of the 
same and different categories. With this are associated progress 
tests of the various learning processes, namely, observing, experi- 
menting, reasoning, remembering, etc,, which enable both student 
and teacher to follow the actual advance in each, and to direct 
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particular effort to the process that lags. At the outset it is necessary 
to determine the performance of each student in each process, and 
this is used as the basis for measuring the progress during the course. 

In conclusion it may be desirable to summarise the functions of 
the teacher as worked out in actual experience with the process- 
inquiry system. He guides the student from the first day to do his 
own planning, observing, experimenting, thinking, and appl5dng, in 
the fullest appreciation of the student’s interest in life rather than 
in the dead and often “pickled” end-results of it. He is a sympa- 
thetic and enthusiastic companion in learning, but he does not 
destroy the student’s initiative and responsibility by answering 
questions or doing anything else that the student can do for himself: 
He recognises that learning is life, and that the student must be 
allowed to make and correct his own blunders, since he learns most 
certainly and permanently in this way. He realises that the growing 
ability to plan, observe, experiment, reason, and apply results is 
the only real test of progress, and he refuses to regard the usual 
classification of students on the basis of set examinations as either 
fundamental or final. Finally, he is convinced that teaching is as 
much a subject for experiment and measurement as any science, 
and that the teacher must be an ardent inquirer as well as the 
student. 

Carnegie Institution of Washington, 

Tucson, Arizona. 
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HYBRIDISM IN THE NEW ZEALAND FLORA 
By L. COCKAYNE 
General 

AT the present time, when Mendelian methods dominate genetic 
research, and when an assertion that a plant is of hybrid origin 
will not be definitely accepted unless supported by properly-con- 
ducted breeding experiments, field-observations are either ignored, 
or take a quite minor place. Nevertheless, have not such observa- 
tions an honourable place in science? Are they not indeed not only 
a necessary preliminary for future genetic studies, but should they 
not teach much that is fairly conclusive regarding the causes of the 
pol3miorphy so common in a wild plant-population among those groups 
of individuals recognised in floras as “species” and “varieties”? In 
fact, for many years to come, since breeding methods usually demand 
much time, must not field-observations be relied upon to decide, for 
the time being, many critical cases concerning the status of so-called 
“species”? Therefore, in this paper are brought together the results 
of many year’s personal experience in the field, so far as hybridism 
in the New Zealand flora is concerned. 

By those interested in the wider aspects of floristic and ecological 
research the flora and the vegetation of New Zealand are held to 
supply material of peculiar importance. This belief is based partly 
on the extreme isolation of an area with its land-surface, though 
offering climatic and edaphic conditions of many kinds, not too large 
to forbid detailed study; and partly on the diverse composition of 
the somewhat small flora with its palaeozelandic, Australian, palseo- 
tropic, subantarctic and subcosmopolitan elements^. 

The time seems ripe for the publication of information as to the 
natural occurrence of hybrids. Genetic studies have reached a fairly 
high degree of intensity. Lotsy’s suggestive theory of hybridisation 
in regard to evolution^ cannot be lightly dismissed. The part played 
by indigenous hybrids in floras demands increased investigation in 
the field. It is high time, indeed, that a comprehensive study of the 

1 For details regarding these elements see L, Cockayne, The Vegetation of 
New Zealand {Die Vegetation der Efde, Bd. 13 ), pp. 314-323, Leipzig and 
New York. 1921. The term ‘^subcosmopolitan” is here substituted for 
“cosmopolitan.” 

^ Evolution by means of Hybridization, The Hague, 1916. 
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wild hybrids of the earth should be made and its results replace the 
excellent but now obsolete monograph of Focke^. 

It might well be -expected that the floras of different countries 
would contain descriptions of the hybrids as well as of the species, 
but this is far from being the case, the majority of such works having 
little, or nothing, to say on the subject. There has existed a feeling 
amongst taxonomists — ^nor is that feeling extinct by any means — 
that either wild hybrids are so few as to be negligible, or tha.t they 
are of a low status hardly worth mentioning. Indeed certain botanists 
have doubted their existence altogether®. Few, apparently, have 
recognised that, as a flora is essentially an instrument for the identi- 
fication of any plant growing wild in the area with which it deals, 
hybrids should bear names and be described equally with species. 
This is the regular procedure in Das Pflanzenreich, Grosser, for in- 
stance, devoting several pages to Cistus hybrids®, and even supplying 
a key for their ready identification. Also, certain monographs do 
not neglect hybrids, e.g. to mention two of importance to the New 
Zealand flora, those of Haussknecht^ and Bitter®. 

Unfortunately, the conclusions arrived at concerning hybrid 
origins are too frequently derived from the study of dried plants, 
whereas no really legitimate dictum can be made except one based 
on field-observations, since such alone can declare to what extent 
any suspected hybrid fulfils those conditions which, in lieu of genetic 
research, can decide, almost for certain, whether the plant in question 
be a hybrid. The following seem the principal conditions® and it is 
upon the fulfilment of these, subject to the exceptions cited below, 

1 Die Pflanzenmischlinge. Berlin, i88i. 

® For example, C, B. Clarke in Journ. of Boi. p. 228, i8gr, when criticising 
Haussknecht’s action in describing hybrids of Epilohium. 

® Cistacecs, Heft 14 { 4 , 193), pp. 27-32. Leipadg, 1903, 

* Monographie der Gattung EpiloUum. Jena, 1884. 

® Die Gattung Acana. Bibliotheca Botanica, Heft 74, i, ii, in, iv. Stuttgart, 
1910-XI. 

® See L, Diels, Die Methoden der Phytographie und der Systematik der 
Pflanzen, Handb. d. biolog. Arbeitsmethoden, Abt. 11 , Tcil i, Heft 2, pp. 169-70. 
Berlin, 1921. Diels gives in addition to those below, (i) the variation is (3ften 
of a degenerate or monstrous character, (2) the pollen grains are frequently 
misshapen or the fruits badly developed or wanting; (3) their distribution is 
irregular and the hybrid frequently absent; (4) compared with the parents 
they are few in number. 

Also, see R. A. Rolfe, Hybridisation viewed from the standpoint of Syste- 
matic Botany, Journ, R. Hort. Soc, (Hybrid Conference Rep.), 24 , p. 199, 1900. 
Rolfe 's conditions are much the same as mine. He also states that, " sometimes 
the influence of one parent preponderates to such an extent that it becomes 
difficult to identify the second one" — "some individuals derived from the same 
two species being so dissimilar as to have been at first considered essentially 
distinct in their origin." 
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that my belief in the hybrid nature of certain of the. groups of in- 
dividuals represented in the list at the end of this paper is based. 

I. The alleged hybrids should be more or less intermediate in 
character between the reputed parents, or, better still, there may 
be a graduated series of forms leading from one parent to the other. 
2. The reputed parents and their hybrids should grow in fairly close 
proximity, 3. The alleged hybrid, if fertile, should give rise to a 
more or less polymorphic progeny. 

Certainly some of these conditions, and those in footnote 6, p. 106, 
may not be fulfilled and yet hybridism be almost certain. Thus a 
hybrid may be more or less invariable ; it may breed true, or produce 
offspring but little pol3miorphic; as a result of change in an association 
hybrid individuals of considerable age may occur, even if one or 
both parents are absent b or the parents may be present and the 
hybrid wanting; in short, there are no absolute criteria, so each case 
of suspected hybridism must be decided on its. merits. 

With regard to the application of the above principles in the 
field, it is clear that no absolutely conclusive proof can be given that 
any group of plants sexually reproduces itself true. Nevertheless, if 
a certain group, consisting of similar individuals differing only slightly 
according to fluctuating variation, is found in several — perhaps 
many — localities, it seems highly probable that the group in question 
is a pure strain. To, be sure, such a group may vary greatly when 
in some habitat differing considerably from that where it usually 
occurs, but such environmental changes are constant characters, and 
their nature is recognisable in most cases. Such a group may be 
connected with a related group by intermediates, but only if both 
groups grow in close proximity. 

" Intermediates,” such as those just mentioned, are considered in 
many floras an indubitable proof that the groups thus connected 
are not true-breeding entities, but that they “vary” and “run into” 
one another; therefore, such groups must be united, indeed, they are 
considered one and the same. For such an assumption, in the light 
of genetic studies, and even of field-observations, there seems not 
the slightest proof. The intermediates occur only when individuals 
of both groups grow near one another, otherwise there is no “ varia- 

^ Thus Kerner {The Natural History of Plants, translated and edited by 
F. W. Oliver, London, 1895, Vol, ii, p. 59a). writes of explaining ‘'the pheno- 
menon that species which, from their characteristics, may be looked upon as 
hybrids of two other species, occupy in each case a district which is separated, 
and often at a considerable distance, from the areas inhabited by the species 
supposed to be their progenitors,” and specific cases are cited. 
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tion/' Hybridism, a known cause of similar variation, is certainly 
a more scientific explanation than is the bald statement that the 
group is “variable,” and yet no cause, assigned for such variation, 
except the unproved and rmhkely supposition that an organism has 
within itself some factor which can cause it to produce such inter- 
mediate offspring. Even, if mutations were taking place far more 
frequently than has ever been suggested, their nature is not con- 
sidered that of forms intermediate between distinct groups, their 
distinguishing feature being the possession of one, or more, new 
characters and of breeding true. So in what follows, when in the 
Manual'^ it is stated, that two groups of individuals, to which specific 
rank had previously been assigned, could not be considered species 
because they were connected by intermediates, to me it is good 
evidence that such groups are true species, and the intermediates 
between them hybrids ! And, in nearly every instance this opinion 
has been supported by field-observations. 

Darwin in The Origin of Species makes a distinction between 
“mongrels” (crosses between varieties) and “hybrids” (crosses be- 
tween species), but he considered that, except in the matter of 
fertility (mongrels being usually fertile), there was “the closest 
general resemblance” (sixth edition, p. 247) between them. Re- 
garding this matter of fertility Darwin had animals chiefly in mind 
and was comparing the domestic with the feral. But, in the case of 
plants, the matter is different for, as every gardener knows, there 
are hundreds of self-fertile hybrids, and some breed true. 

As for the species and varieties of floras generally no distinction 
can be drawn between them, for what is considered a variety one 
day may be acknowledged as a species the next and vice versa. Nor, 
in the light of present-day knowledge, can any distinction be made. 
There is the aggregate species — a quite arbitrary group — its content 
being a matter of opinion and not of natural law. The true-breeding 
groups of individuals (the “jordanons” of Lotsy, l.c. p. 27) are the 
realities, the aggregate species is merely a convenient abstraction'^. 
Wlien there is a group of individuals not too closely related to any 
other group it is placed by itself and may be termed an “ invariable 

4 T. F. Cheeseman, The Manual of the New Zealand Flora, Wellington, 
1906. Throughout this paper cited as A new edition is being prepared 

by Mr Cheeseman. 

^ For a recent discussion of the species question see L. Diels, lx. pp. 161-65 ; 
also Lotsy, l.c. pp. .13-28, For the full reasons for my views on the subject 
see A Consideration of the Terms ^'Species " and " Variety '' as used in Botany, 
with Special Reference to the Flora of New Zealand, Trans. N.Z.Insi. 49 , 
pp. 66-79, 1917. 
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species.’' Obviously such a species may be either a relict, or it may 
be apparently of recent origin^ with no near relatives; nevertheless, 
it is really biologically equivalent to any of the varieties (jordanons) 
of an aggregate species, and should all such, except one variety, die 
out in course of time, the surviving group would be a variety no 
longer but an invariable species (the monospecific linneon of Lotsy, 
l.c. p. 157 ), see Cockayne, l.c. p. 76. 

Notwithstanding the opinions expressed in the last paragraph, 
for the sake of comparison with the usual floristic treatment of 
hybrids, I am separating those of New Zealand into (i) hybrids 
between species and (2) hybrids between the varieties within an aggregate 
species. Naturally the former are of the more general interest, and 
so receive the chief consideration. The matter of hybrids between 
varieties within aggregate species is chiefly concerned with the im- 
portant question of the so-called "intermediates” and polymorphy 
of species in general. Only the spermophytes are dealt with. The 
literature relating to New Zealand wild hybrids is trifling; any of 
moment is cited further on. 

In concluding these general remarks I wish to thank most sin- 
cerely the following botanists who have rendered valuable assistance : 
Mr E. Atkinson (Dept, of Agriculture, N.Z.), Mr. H. H. Allan, M.A., 
F.L.S. (Feilding, N.Z.), Mr B. C. Aston, F.I.C., F.N.Z.Inst. (Wel- 
lington, N.Z.), Mr C. E. Foweraker, M.A., F.L.S. (Canterbury College, 
N.Z.), Prof. R. M. Harper (CoUege Point, N.Y., U.S.A.), Prof. J. W. 
Harshberger (University of Pennsylvania), Prof. Aug. Henry 
(Royal College of Science, Dublin), Prof. W. L. Jepson (University 
of California), Mr R. M. Laing, B.Sc., F.N.Z.Inst. (Christchurch, 
N.Z.) and Mr A. W. Page, M.A. (Christchurch, N.Z.). 

Hybrids between species 

General. Under this head are included all suggested hybrids in 
which aggregate and invariable species (one or both) are concerned. 
In the case of crosses between two invariable species it is assumed 
that the actual parentage is evident ; but, in the case of crosses where 
one or both parents are aggregates, unless the actual parental variety 
is known, the true parentage of the hybrid lies in doubt. At any 
rate, more distinct hybrid forms may be expected in the latter case 
than in the former and certain genera should be specially affected, 
e.g. Accena, Celmisia, Epilobium and Veronica. Crosses will also 
occur between the hybrids themselves, or between these and one or 
J- See J. C. Willis, Age and Area, pp. 216-17. Cambridge, 1922. 
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other ol the varieties (not of necessity the parental one), while self- 
pollinated and inter-varietal hybrids will add more diversity. In 
this way a medley of forms may, arise, whose history cannot possibly 
be guessed, and which might d^fy genetic research. 

The total number of possible hybrids given in the list at the end 
. of this paper is 128. This number is certainly too small, even if 
considerable allowance be made for the inclusion of doubtful cases. 
The families affected number 33 (30 per cent, of the spermophyte 
families of the flora) and the genera 55 {16 per cent.) of which four 
are endemic. The only families and genera containing any consider- 
able number of hybrids are; Composite 42, ScrophulariacecB {Ver- 
onica) 16, Celniisia 12, and Olearia ii ; the three last-named may be 
considered pateozelandic. For these families and genera the totals 
are certainly too low, while there are other genera which probably 
contain more hybrids than given in the list, especially Uncinia, 
Clematis, Ranuncidus, Pittosponmi, Ruhus, Accena, Hoheria, Pimelea, 
Epilobium, Gauliheria, Dracophyllum, Gentiana, Coprosma and 
Cotula. Further, the following genera, not in the list, most likely 
contain a certain number of hybrids: Potamogefon, Agrostis^, Carex, 
J uncus, Luzula, Thelymitra, Colobanthus, Cardamine, Carmichcelia, 
Metrosideros, Oremyrrhis, Halorrhagis, Calystcgia, Ourisia, Euphra- 
sia, Plantago, W ahlenbergia^ and Craspedia. 

The only flora, rather larger than that of New Zealand 
but occupying about the same ar^a, of which I have statistics 
is that of the British Isles. This, according to The London Catalogue 
of British Plants (loth ed. London, 1908) contains 251 hybrids,. or 
nearly twice as many as in my list, but this total includes no less 
than 59 hybrids of Salix, 33 of Epilobium, 21 of Carex, 18 of Rubus, 
13 of Rumex and 12 each of Euphrasia and Potamogeton, while the 
genera concerned are three less than in New Zealand®. 

Coming next to the growth-forms of the New Zealand hybrids 
the following is the number for each in the comprehensive classes: 
trees 17, shrubs 49, semi-woody plants 28, perennial herbs (in a re- 
stricted sense) 18, grass-like plants 6, tussocks (including Phormium ' ' 
and Astelia) 4, woody Hanes shallow-water plants 2. 

^ I follow Hitchcock in referring Deyeuxia Forsteri to Agrostis {The Grasses 
of Hawaii, pp. 149-50, Honolulu, 1922) and I look upon some of the varieties 
in the ilf ««««/, pp. 868-69, as species. 

^ N. E. Brown has shown that W. gracilis A. D. C. as defined in the Manual, 
p. 402, is a mixture of three species {Gard. Chron. 54 , pp. 316, 317, 355). 

® There is an interesting paper on Natural Hybrids by It. 1 . Lynch in the 
Report of the Conference on Genetics {Journ. R, Hort. Soc. 31 , pp. 159-67, 
1906). 
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As for distribution the hybrids occur in the following plant- 
formations to each of which is attached the number found therein: 
min-forest 25, subalpine herb-field and fell-field (taken together) 25, 
tussock-grassland ii, stony river-bed (lowland to montane) 10, sub- 
alpine-scrub 7, coastal scrub 7, and, in addition, 23 other formations 
also contain hybrids. 

Finally, the altitudinal distribution of the hybrids is: coastal zy, 
lowland 34, subalpine 39, lowland and montane (both) 19, lowland, 
montane and subalpine (all three) 2, montane and subalpine (both) 
21. 

An accurate knowledge of the relative distribution of the alleged 
parental species is of prime importance. This can be conveniently 
studied in New Zealand proper h owing to the comparatively narrow 
land-surface extending from north to south through nearly fourteen 
degrees of latitude^ and the general proximity of lofty mountain 
ranges to the lowland belt. Thus, speaking of the distribution of the 
New Zealand flora in general, and commencing at the far northern 
limit of the North Island, certain species range more or less con- 
tinuously throughout the whole area, but a large majority have their 
respective northern and southern limits within the area. This 
depends, in the case of coastal and lowland species, partly on 
their relation to frost®. Now, amongst the different genera are many 
related species each with its distinct range; but, at definite, points, 
some of these come together and extepd jointly north or south for 
a certain distance. If the ecological requirements of such pairs of 
species are fairly equivalent they will, at times, occur side by side, 
and crossing then becomes possible, its frequency depending upon 
the time and duration of the flowering season, and their requirements 
in regard to cross-pollmation. The latter has been but little investi- 
gated, but, as unisexuality is common and dichogamy apparently 
frequent, there are often opportunities for crossing. 

In certain instances intermediate forms appear in the first 
locality where the two species come together. The main cause of the 

1 This includes the North Island, the South Island and Stewart Island. 
The New Zealand Botanical Region also comprises the Kermadec, Chatham 
and Subantarctic Islands. 

2 Really the 34th parallel of South latitude lies some 20 miles north of 
the North Cape and the 48th parallel some 30 miies south of the South Cape 
of Stewart Island. 

® For a fuller account of plant-distribution iii New Zealand see L. Cockayne, 
The Distribution of the Vegetation and Flora of New Zealand, Cawthorn Lecture, 
Nelson, N.Z., 1921. For the part relating to . latitudinal distribution sec 
pp. 12-16. 
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presence of hybrids, apart, from the power of cross-pollination, is 
the occurrence of related species side by side. In this relation there 
is every transition from species which nearly always grow together 
to those which never, or very rarely, do so owing frequently to their 
belonging to different altitudinal belts, or plant-associations, or to 
their extreme rarity. Another class of hybrids occurs where one of 
the parents is confined to some particular, perhaps unusual, habitat 
into which the other parent of wider range and ecological capabilities 
has penetrated. Or both parents may be confined to a quite small 
area, and a particular habitat, where they hybridise so freely that 
there is a continuous chain of intermediates between the extremes, 
in which case floristic botanists generally, and vathout hesitation, 
define the group as a “variable species.” All the above cases refer 
to the primitive plant-covering. It is the fact of considerable hybridi- 
sation taking place in a virgin vegetation which is a leading motive 
for this paper. But the effect of settlement is also an important matter. 
It was only some eighty years ago, that agriculture commenced to 
modify substantially the natural physiognomy of the landscape, but 
during those few years surprising changes have come about. Associa- 
tions both of indigenous and introduced plants, and combinations 
of the two — some with quite a primitive stamp— have come into 
being and occupy wide areas. In these man-induced associations a 
few species have found more opportunities for crossing than formerly, 
so that their hybrids are now far more numerous than in primeval 
New Zealand, To the powerful effect of man in unconsciously 
favouring hybridisation Professor Aug. Henry has recently called 
my attention in a valued letter which I should have greatly liked to 
have published, but, of course, this cannot be done without his per- 
mission. It will be seen in some of the cases considered below that 
his ideas receive strong support. 

Under the next head a brief account is given of certain 
hybrids. For sake of brevity little is said about their taxonomic 
characters. Where it is stated that the hybrids are “inter- 
mediates,” it is meant that there is a blending of the parental 
specific characters. But many . hybrids in a series may possess 
the characters both blended, or unchanged, or characters may be 
absent. 

Special detath. The following classification is based upon the 
relative which their distribution (latitudinal, vertical and 

ecological) affords for pairs of species to come together. Certainly, 
as crossing experiments have shown for plants in general, and even 


Hybridism in the New Zealand Flora 113 

for those of New Zealandh there are many species, now isolated, 
which would probably hybridise should the opportunity arise^. 
This, in certain cases may be expected to happen at any time through 
rapid alterations in plant-associations either by natural agencies or 
the operations of man. Like all classifications the one used here 
contains some anomalies : also there are certain hybrids which, with 
equal propriety, might be placed into more than one class. 

I. Hybrids between species of wide range, often belonging to the 
same associations, which frequently grow in close proximity. 

In this class the opportunity for crossing is at its maximum ; the 
number of its hybrids'^ is 27. 

{a) Fuchsia Colensoi x excorticata. 

Fuchsia Colensoi is either a straggling shrub or a scrambling 
liane; F. excorticata is a small tree with a rather thick, irregular 
trunk. Both species are common members of rain-forest; when one 
alone is present there is no polymorphy. The hybrids form a long 
series of intermediates between the parents. Damaged forest re- 
generating increases the number of both species, thus favouring their 
crossing. 

(&) Coprosma propinqua x robusta (== C. Cunninghamii Hook. f.). 

Coprosma propinqua is an erect, divaricating shrub with narrow, 
short leaves, and flowers solitary or in few-flowered fascicles; 
C. robusta is a tall stout, bushy shrub with far larger, broader leaves 
and with its flowers in dense many-flowered glomerules. Both grow 
together in swamps and swamp-forest. The hybrids exhibit every 
gradation^ between those of the parents in inflorescence, leaves and 
colour of drupes, the last-named being not merely "pink and trans- 
lucent” as given for C, Cunninghamii in \h& Manual, p. 249. 

^ Various hybrids of Clematis, Fuchsia, Veronica {Hebe) and Celmisia have 
been purposely raised or have accidentally originated both in European and 
New Zealand gardens. 

® An interesting case of this kind was recently published by J. W. Besant 
in the Gardeners' Chronicle ( 72 , p. 49 and Fig. 23, p. 52, 1932) which tells of 
a hybrid which arose naturally in the garden of Sir John Ross of Bladensburg 
at Rostrevor, Scotland, between the Australian Olearia argophylla and the 
New Zealand 0 . wacrodowte. 

® Unless the contrary be stated none of the hybrids dealt with in this 
paper have previously been considered such, but have been treated as species 
or intermediates, or have received no special recognition. 

■ y On the magnesian soil of the Mineral Belt (Nelson) grows a shrub, hitherto 
referred to C. Cunninghamii, which is most likely an undescribed species. 
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(c) Apium filiforme X prostratum. 

These two herbs constantly occur together as members of salt- 
meadow together with intermediates of many forms. In the Manual, 
p, 205, because of such intermediates the species are united, never- 
theless /h/ome is upheld as a variety. Inland A. filiforme {A. pros- 
tmtum being absent) shows no polymorphy other than environmental. 
{d) Acjena inermis x microphyUa. 

These species frequently occur side by side on stony ground, 
especially in the montane belt. The special distinction between the 
two is the presence and absence of bristles on the flower-heads. In 
the hybrids all degrees in the production of bristles can be seen on 
the same individual. There is also a multiplicity of forms — especially 
colour of leaf — due, doubtless, to crosses between the varieties of 
the two aggregate species. This case would lend itself admirably to 
Mendelian analj^is. 

2. Hybrids between species of a more or less similar wide range 
and ecological requirements, hut which only meet occasionally. 

This class is the opposite of (i) ; it includes 13 hybrids. In most 
cases probably slight ecological differences in tlieir requirements 
keep the species apart. 

(а) Celraisia Lyallii x spectabilis (- C. pseudo-Lyallii (Cheesem.) 

Cockayne). Its hybrid origin is suggested in The Vegetation of 

New Zealand,, p. 342, 1921. 

This is apparently a case where a more or less invariable hybrid 
is produced, which, if truly invariable, should be looked upon not as 
a hybrid but as a valid species which differed only from species in 
general in that its origin was actually known. The hybrid has not 
been recorded from localities where one of tlie parents is absent. It 
has the leaf-form of C. Lyalin, but without the characteristic grooves, 
and the texture and tomentum of the leaf is that of C. spectabilis. 
In some places the hybrid is abundant. 

(б) Celmisia coriacea x Lyallii. 

This hybrid, discovered by Mr H. H. Allan on Mount Peel 
(Canterbury), somewhat resembles that just dealt with in its leaf- 
form, but it has the silvery tomentum of C, coriacea. It is apparently 
rare. In some respects it is not unlike C. Petriei Cheesem. 

(c) Muehlenbeckia axillaris x ephedroides (= M. muricatella Col.). 

Tliis hybrid has been observed in several localities where, on 
gravelly ground, the two species grow side by side. It preserves the 
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habit of M. ephedroides but is far more leafy, Mr B. C. Aston first 
suggested to me that it might be a hybrid. 

3. Hybrids between spedes of different, but considerable, lati- 
tudinal range, ibhich, from a definite point, grow in close proximity 
for a certain distance. 

The number of hybrids in this class is 30; the following are 
instructive examples. 

[a) Melicope simplex x temata (= M. Mantellii Buch.). Accepted 
by T. Kirk as a hybrid in The Student's Flora of New Zealand, 

p. 86. 

Both species belong to rain-forest. M. simplex is an erect, twiggy 
shrub with small i-foliate leaves and small flowers, 1-3 on each 
peduncle, and M. ternata a small, bushy tree with fair-sized 3-foliate 
leaves and larger flowers in panicles. The hybrids exhibit every 
transition in habit, leaf and flower between the two parents.^ 
ilif, simplex extends from north to south throughout the lowland 
belt of both islands, but M. ternata halts a few miles to the south of 
latitude 42°. From the extreme north of the North Island south- 
wards to the above line the hybrids are common, but further 
south there are none. So, too, on the Kermadec Islands where only 
M. ternata occurs. 

(b) Myrtus buUata x obcordata (== M. Ralphii T. Kirk), Treated 
as a hybrid by L. Cockayne in Trans. N.Z.Inst., 50 , pp. iyg- 8 s, 
1918. 

Not only was M. Ralphii not considered to be of hybrid origin, 
but in the Manual, p. 169, there is no hint of its polymorphy. Never- 
theless, as I have shown from an examination of many specimens 
and observations in different localities, there are transitional forms 
of every kind including almost pure M. buUata and almost pure 
M. obcordata. The former species is common in rain-forest, and its 
outskirts, throughout the lowland belt of the North Island, but it 
halts somewhat to the south of latitude 41®; the latter species 
extends from the south of the South Island almost as far as 
latitude 35° in the North Island. At the southern limit of the range 
of M. buUata the hybrids suddenly appear and they continue north- 
wards, so far as is known, wherever the two parents come together. 
Although M. bidlata is common in the far north of the North Island, 
M. obcordata has been observed only in the one locality (Reef Point) 
which forms its northern limit. Here M. bidMa is dMo present and 
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so is the hybrid. Southwards from this point M. ohcordata is absent 
for a distance of about 6o miles. 

(c) Corokia buddleioides x Cotoneaster (= C. Cheesemanii Carse). 

Corokia buddleioides hardly extends to the south of latitude 38°, 

but C. Cotoneaster ranges throughout the entire length of both 
islands, being commonest in the montane belt. The first-named is 
an erect, fairly tall bushy shrub and the latter a ball-like, extremely 
dense, wiry divaricating shrub; also in leaf and flower they differ 
widely. I have not seen the hybrid in its habitat, but Carse’s 
description^ seems to establish its origin beyond doubt. 

[d) Cassinia fulvida x leptophylla, 

Cassinia leptophylla is absent throughout the South Island up to 
about latitude 42°, but C. fulvida is common throughout. Both are 
very closely related, but its yellow tomentum on the undersurface 
«of the leaves gives the latter a quite different appearance. As soon 
as the species meet intermediates appear and a mixed assemblage is 
present which, if it were all that was known of the group, would 
certainly be considered a " variable species." From their first coming 
together the species, having crossed Cook Strait, extend in company 
along the coast through the southern part of the North Island. 
After the coastal forest is felled, and burnt, these species of Cassinia, 
and their hybrids, extend some distance inland and form that dense 
shrubland, the “tauhinu scrub," so dreaded by farmers. Here, then, 
is a. case, as suggested by Professor Henry, of the chance for hybridi- 
sation being enormously increased by settlement. 

4. Hybrids between species of wide range and species of com- 
paratively small range, and restricted habitat, which lie in the path 
of the former. 

There are ii hybrids in this class some of which might quite 
well go into class (5}. 

[a] Gaultheria oppositifolia x rupestiis (~ G. fagifolia Hook. f.). 

The aggregate species, G. rupestris, extends throughout the South 
Island and continues its progress through the North Island to the 
Thames Botanical Subdistrict; it also ascends to above 6000 ft. 
On the pumice soil of the Volcanic Plateau it comes into contact 

1 “The plant appears to pass by regular gradations into C. Cotoneaster 
on the one hand and C. buddleioides on, the other” (see Trans. N.Z.Inst. 46, 
p. 276, 1913)- The description speaks of “ the typical form ” as "very distinct,” 
but it is difficult to see why any particular form should be more "tyisical” 
than any other of these intermediates. 
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with the distinct G. oppositifoUa, qjoA once hybrids appear in 
plenty. Cheeseman {Manual, p. 407) suggests a hybrid origin for 
G. fagifoUa, a conclusion not to be disputed by anyone who has seen 
the parents separate and afterwards side by side with the numerous 
distinct intermediates. 

(b) Olearia arborescens x capillaris. 

Under the designation 0 . capillaris Buch. has been grouped a 
series of plants differing considerably in their characters and merging 
eventually into 0 . arborescens, so that there is every feature of a 
hybrid group. Possibly the individuals with the smallest leaves and 
sparse-flowered small corymbs are 0 . capillaris, or it may be that 
the group consists of more than one jordanon. 0 . arborescens extends 
from about latitude 38° to Stewart Island, but 0 . capillaris is con- 
fined — so far as is known — to Mt Egmont, the Volcanic Plateau, the 
Northwestern Botanical District and the north of the Western 
Botanical District east of the Dividing Range, and generally its 
occurrence is quite local. 

(c) Celmisia coriacea x Traversii (== x C. Morrisonii Cockayne). 

For a full discussion and description of this hybrid see Trans. 

N.Z.lnst. 47 , pp. 116-17, 1915. Since that time I have seen hundreds 
of X C. Morrisonii as a member of an indigenous-induced herb-field 
on Mount Miromiro (Northeastern Botanical District), at about 
3000 ft. altitude, where the Nothofagus' ior^t had been burnt. In 
numbers the hybrid equalled the parents. Here again the action of 
man has increased a hybrid population and extended its range. 

5, Hybrids between species usually growing under dissimilar 
ecological conditions which occasionally come together. 

This class contains 42 hybrids. The conditions under which they 
are produced are far from uniform. In some cases the habitats of 
the two parents {e.g. in the species of Nothofa^us) are not very 
different, but on the other hand the differences may be wide and 
the chance of hybridisation remote {e,g. PlagiantMis betulinus x 
divaricatus—ridsi alluvial soil, the one, salt swamp, the other); the 
hybrids may be abundant (as when the two species of Phormium 
meet), or very rare as in Angelica decipiens x monf ana] or, again, 
the certainty of what are and what are not hybrids may be masked 
by the presence of varietal hybrids (e,g. in the hybrids of the species 
oi Coriaria). Many of this class of hybrids weU deserve discussion, 
but only five cases can be dealt with here. 
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(a) Phormium Colensoi x tenax. 

Although these species are of extremely wide range and tolerate 
many habitats, some suiting both, yet they seldom grow side by 
side. But in two localities I have seen them in close proximity 
along with many intermediates which were easily recognisable by 
the capsules, combining the erect, short, blunt form of tenax and the 
drooping long twisted form of Colensoi, 

{b) Ranunculus Buchanani x Lyallii (= R. Maithewsii Cheesem.). The 

hybrid origin suggested in The Vegetation of New Zealand, p. 359. 

Ranunculus Lyallii is of wide range in subalpine herb-fields of 
the South Island from latitude 42° 30'' and it extends to Stewart 
Island, but R. Buchanani is usually found at a higher altitude and 
on more stony ground; also it is confined to the Fiord Botanical 
District and parts of the South Otago Botanical District, adjacent 
thereto. In a few localities the species have come together and there 
are to be found many transitional forms between them, as exhibited 
in combinations of the huge peltate entire leaf of Lyallii and the 
smaller reniform tematisect leaf of Buchanani, The large flowers 
also betray the Lyallii relationship. Cheeseman [Manual, p. 1133) 
described R, Matthemsii from only two specimens, which he stated 
came close to R. Buchanani but were stouter, almost glabrous (as is 
Lyallii) and with “ more sparingly divided leaves and larger flowers.” 
Specimens sent to me some jears ago by Mr W, Willcox at once gave 
me the idea of their hybrid origin. 

(c) Edwardsia microphylla x prostrata. 

The first-named is a small erect tree, principally of rain-forest, 
its outskirts, and tussock-grassland, which has a persistent juvenile 
form of divaricating habit. E. frostvaia is a prostrate shrub of exactly 
the same growth-form as juvenile E, microphylla, which grows in 
open situations on stony ground in a climate of but moderate rainfall. 
Occasionally the two species meet, as in parts of the Northeastern 
Botanical District, and hybrids intermediate in stature, habit, 
flowers and fruit appear in abundance. 

{d) Olearia angustifolia x Colensoi (== 0 . Traillii T. Kirk). 

Olearia Colensoi, a common shrub of subalpine-scrub in the 
wetter mountains of the South Island and also on the main chain of 
the North Island, descends to the seashore in parts of Stewart Island. 
There, if it meets the coastal shrub of that island, Olearia angusti- 
folia, the intermediate forms known as 0 . Traillii occur, but not 
abundantly. The leaves are narrower than those of 0 . Colensoi, but 
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broader than in 0 . angustifoUa, the flower-heads show their 
angustifoUa characters in their rays and purple discs. The resem- 
blance to 0 . Colensoi is stressed in the Manual, p. 282. Poppelwell 
{Trans. N.Z.Inst. 48, p. 251, 1915) suggests the hybrid origin of 
0 . TrailUi and describes its intermediate characters. 

(e) Helichrysum bellidioides x H. glomeratum (== ff. Purdiei Petrie). 

These are two wide-spread species usually belonging to different 
associations, which, at times, grow together and the hybrid is 
apparently usually to be found. For many years H. Purdiei was 
considered almost the rarest species in the flora, it being known 
from only a few plants in one locality on the east coast of the South 
Island. Certainly, it looked so distinct from anything else that no one 
could dream it was not a valid species! But the discovery a few 
years ago by Mr C. E. Christensen of several distinct forms of 
E. Purdiei growing in company with H. glomeratum and H. bellidi- 
oides, not near the sea, but far inland in a mountainous part of 
the South Island, hinted strongly of its hybrid origin. Soon after 
this, but considerably further to the north, Mr B. C. Aston found 
H. Purdiei under similar conditions, while quite recently, in the 
neighbourhood of Lake Wakatipu, I also found the parents and the 
hybrid. I have also visited the habitat where Christensen made his 
notable discovery and found the pol5miorphy of the hybrid sur- 
prising, as I had only seen one individu^ previously in the original 
coastal habitat. An’ interesting point is that the parents belong to 
two distinct sections of the genus — Xerochlcena and Ozothamnus. 
Indeed, the latter was for many years considered a valid genus, and 
certainly the differences between the two species in question are 
far greater than between many genera. The hybrids show many 
combinations of the parental characters. 

6. Hybrids between species of more or less limited range which 
frequently grow together. 

There are only 5 hybrids in this class, 

{d) Pittosporum pimeleoides x reflexum. 

The species occur together north of latitude 35° 4' on the floor of 
Kauri forest, but not everywhere. P. pimeleoides is a taller shrub 
than P. reflexum, with broader, more open foliage. Cheeseman writes 
{Manual, p. 60), "Both at Mongonui and Kawakawa it [P. reflexum^ 
grows intermixed with the ty^icaX pimeleoides, together with numerous 
intermediates” (italics mine). 
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( 5 ) Alseuosmia Banksii x Imaiiifolia. 

Here may also be discussed^ . Banksii x guercifoUa QndA. UnarU- 
folia X quercifolia, since all occur together, notwithstanding A . querci- 
folia is of fairly wide range, and its hybrids really come into class 3. 
A. Banksii and A. linanifolia are confined to forest in the North 
Auckland Botanical District; A. quercifolia in the southern part of 
its range is invariable. Game’s account of the species sufficiently 
proves to what an extent they cross {Trans. N.Z.Inst. 43 , p. 206, 
1911). "There are certain forms of Alseuosmia,” he states, "which a 
mere beginner can place at a glance as typical, but there are so 
many forms intermediate between the various species that hardly 
two botanists in a dozen will agree as to which species predominates 
in the particular specimen” (italics mine). Allan Cunningham de- 
scribed eight species, and it may well be that there are more than 
is usually allowed. According to the Manual, p. 240, "The species 
are exceedingly variable and difficult of discrimination.” 

Hybrids within the species 

Were knowledge sufficiently advanced, so that the true-Dreeding 
units (jordanons), which, taken together, form the ground- work of 
an aggregate species, could be recognised each by its special char- 
acters, and were a name given to each unit, then a true knowledge of 
these polymorphic groups (the aggregate species) might be possible, 
and the intervarietal hybrids be recognised. But, as in all floras, 
though especially in those of imperfectly botanised countries, such 
as New Zealand, variety after variety, for which there is no name, 
has its place in nature, while so many varieties as defined are them- 
selves aggregates, it is frequently impossible to do more than hazard 
a guess as to the status of any particular form. Such an one may 
really be a true-breeding entity, or it may be a hybrid or even an 
unfixed environmental form, but stable enough in that particular 
habitat. 

There is, in fact, no definite rule according to which varieties 
can be taxonomically constituted any more than there is any rule 
governing the making of species. Further, from time to time taxo- 
nomic fashion changes. At present, the tendency is to "accord 
varieties specific rank,” which action, should there be hybrids between 
them, would also change the status of the latter. 

When a study is made of aggregate species in the field, then, so 
far as polymorphy goes, they fall into several classes, and there 
appears a distinct progression from the simple with two well-defined 
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varieties, by way of species with more and more varieties, up to 
aggregates so complex that it becomes impossible to recognise the 
true-breeding varieties, so great are the number of intergrading 
forms. In other cases the varieties may be clear-cut^, so that inter- 
mediates when they do occur can be recognised as such, or varieties 
as taxonomically defined may be merely groups of related forms 
connected by intermediates to other so-called “varieties” of a similar 
character. Thus in the simpler cases where the varieties are really 
such {i.e. true-breeding entities), hybrids between them can be re- 
cognised, but, where all is confusion, their presence can only be 
assumed by analogy. An account of few cases may make the 
foregoing remarks clearer. 

Mesemhryanthemum australe is an easily-recognised species which 
is confined to rocky stations on the coast. In certain localities two 
well-marked varieties occur, one with the usual pink flowers and 
reddish leaves, and the other with white flowers and pale-green 
leaves. Where there are numerous individuals, as on new stony 
ground, resulting from disturbance of a stony beach, there may be 
abundance of both varieties together with a good many forms inter- 
mediate in colour of flower and leaf. So, too, in the case of Rumex 
flexuosus there is a variety — the most common in fact — ^with dark- 
brown leaves. But in certain localities under the same ecological 
conditions along with the above there is a green4eaved form, and, 
when this happens there are also present plants intermediate in 
colour, which must be considered hybrids. Similarly, in the case of 
Senecio helUdioides, there are plants with tomentum and without 
such on the undersurface of the leaf and between these extremes are 
plants showing every degree in the amount of tomentum. 

On the other hand there are many cases where no hybrids have 
been noted between varieties of similar character to the above. 
Coprosma Retriei is made up of two varieties, the one with large 
port-wine coloured drupes and the other with drupes faintly stained 
with blue, but nowhere have intermediates been seen. Neither have 
intermediates been noted between the var. of Cyathodes acerosa with 

^ Epilobium pedunculare is treated in the Manual, p. i8o, as a var. of 
E. mimmularifolium of which three other vars, are recognised. But, in point 
of fact, as I have pointed out {Trans. N.Z.Inst. 60 , pp. 171--73) the latter 
is probably invariable, while I have shown that aggregate E. pedunculare is 
made up of a number of invariable varieties of wide range to three of which 
I have given varietal names. The var^ nerterioides also is abundantly distinct 
from E. nummular if oHum, but it can be taxonomically united with var. 
minimum, which also is a well-marked, certainly true-breeding group, dis- 
tinguished by its very short capsule and peduncle. 
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red drupes and the var. with them white. On the other hand, there 
are drupes of many shades of blue passing into translucent white in 
Coprosma brunnea, 

Agropyron scabrum is defined in the Manual, p. 923, as “annual 
or perennial, very variable.” Usually it is found growing as a 
straggly grass with one or two long culms in the dense tussocks of 
Festuca nov<2~zelandi<^ or Poa ccBSpitosa, in the low tussock-grass- 
land. But where ground is fenced from stock for a few years this 
grass has assumed its true forms. These are of two classes, the one, 
a true tussock, and the other, of much more open and lower growth 
and spreading considerably by means of underground stems. But 
the polymorphy does not end here, for leaves varying both in breadth 
and hue occur on different individuals and there are also many 
individual differences in the length of the fruiting stems, the number 
and size of the spikelets and the length of the awns. There are also 
apparently narrow-leaved and broad-leaved races. These various 
characters — tussock, turf-Uke, leaves broad or narrow and of various 
colours, and floral distinctions — are almost certainly marks of 
varieties, and their combinations denote hybridism. 

In some cases well-defined varieties occur which are of more or 
less local distribution, and at the limits of their areas, or of their 
particular habitat, hybridise with a more wide-spread variety. Thus 
Veronica salicifolia var. longeracemosa — a shrub more or less common, 
and perhaps the sole representative of the species in a certain part 
of the Egmont-Wanganui Botanical District, at the eastern boundary 
of its domain crosses with another var. of the same species. More 
striking are the many intermediate forms wliich occur when the 
swamp-dwelling V. salicifolia var. paludosa of the Western Botanical 
District crosses with the ubiquitous V. salicifolia var. communis. 

Much more complex than the cases cited above is that of Accena 
SanguisorbcB, This aggregate gives rise to a remarkable variety of 
forms. Certain clear-cut varieties have been defined, e.g. viridior, 
pilosa, sericei-nitens and minor (this confined to the Subantarctic 
Islands and invariable). Viridior occurs side by side with the 
wide-spread var. pusilla (possibly an aggregate) and they may occa- 
sionally aoss. Pilosa and sericei-nitens often occur pure in the 
mountains over considerable areas, but meeting var. pusilla much 
crossing takes place. The polymorphy becomes still more marked if 
varieties of Acana inermis or microphylla are present, for these 
readily join in the crossing. Finally, if A. novat-zelandm is present 
still more forms will arise. 
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Perhaps the maximum of multiplicity of forms is reached in the 
case of the shrub, or low tree, L&piospefmum scoparium, at times also 
prostrate and even turf-making. Within a space of a few dozen 
square yards I have seen no two plants alike, and some so distinct 
they might pass for different species. On the other hand, in certain 
sphagnum bogs the individuals showed considerable uniformity, and 
in the North Auckland Botanical District the var. incana remains 
pure in groups throughout considerable areas. But frequently the 
number of forms is so great that it is impossible by means of field- 
observations to get any idea of the genetic constitution of the 
Leptospermum population. There are many other ultra-polymorphic 
species and those interested can readily find such by consulting the 
Manual. 

Many of these polymorphic aggregates have greatly extended 
their area by the aid of man. Again Professor Henry's theory re- 
ceives strong support. In the slightly wetter part of the arid North 
Otago Botanical District are hundreds of acres of varieties and 
hybrids of species of Ac<Ena; Leptospermum scoparium thickets have 
increased to an astonishing extent since the settlement of the 
country; draining lowland swamps has brought into being dense 
crowds of pol3miorphic individuals of Phormium tenax; many forms 
of Danthonia pilosa have replaced tussock-grassland, or even arti- 
ficial pasture of European grasses; the stoi^r of the incoming of 
Cassinia lowland shrubland has been already told, but in the 
montane and lower subalpine belts C. Vauviiliersii, C. alhida and 
C.fuhida var. Montana have made close thickets of an infinite variety 
of forms. Thus, without citing more examples it is clear that the 
new conditions have aided the crossing of varieties in no small 
degree. But what remains of primitive New Zealand can also still 
show much varietal hybridism, as in the following genera, to 
cite merely a few: Poa, JJncinia, Nothofagus, Ranunculus, Mida 
{Santalum of the Manual), Colohanthus, Pimelea, EpiloUum, Draco- 
phyllum, GauUheria, Veronica, Coprosma, Olearia, Celmisia and 
Senecio. » 

There are other interesting matters connected with varietal 
hybridism in New Zealand, but, for the present, the above brief 
account must suffice. What I would particularly emphasise is, that 
the polymorphy of species cannot be explained by the self-evident 
assertion that they are " variable.” The study of varietal hybrids is 
fundamental for taxonomic advance. Field observations undoubtedly 
have an important place in such work, but experiment must play 
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the final part. The New Zealand polymorphic %&neidc—-Epilohium, 
Acana, Veronica and Celmisia — can supply excellent material for 
fairly rapid research. 

LIST OF THE SUPPOSED HYBRIDS 
Explanation of signs: hybrid origin more or less doubtful, or the case 

not sufficiently investigated; «!=genus is endemic; w = one or both species not 
endemic, but where this sign is absent both species are endemic; m=:that, 
according to The Manual of the New Zealand Flora intermediates occur con- 
necting the two species; p = the hybrid origin had been suggested prior to this 
.paper. 

Taxaceae 

1 . Podocarpus Hallii x totara. 

Gramineae 

2. Hierochioe Fraseri xredolens (tt>, w). 

3. Danthonia flavescens X Raoulii var. rubra (m). 

4. — pilosa xsemiannularis {w, m). 

5. Poa anceps xpusilla var. seticulmis {d, m). 

6. — Colensoi X intermedia (w). 

7. — Kirkii xMackayi (w). 

Cyperacea; 

8. Scirpus aucklandicus X cemuus {w, m). 

9. Uncinia CEespitosa xpurpurata, filiformis or rupestris [m). 

Liliaceae 

10. Phormium Colensoi x tenax [w). 

1 1 . Astelia Cockaynei x nervosa. 

This name is to be substituted for Astelia moniana (T. Kirk) Cockayne by 
Cheeseman in his new edition of the Manual, now in course of preparation, 
the name “ montana"' being preoccupied, 

Orchidaceae 

12. Pterostylis australis x Banksii and graminea (w). , 

13. Cyrtostylis oblonga xrotundifolia (w). 

Fagacese 

14. Nothofagus cliifortioides xfusca (;^). 

15. — fusca xSolandri {/>). 

16. — cliffortioides xSolandri (#•). 

Moraceae 

17. Paratrophis microphylla xopaca (w). 

Santalacese 

18. Mida myrtifolia xsalicifolia (e, w) . 

Polygonacese 

19. Muehlenbeckia australis X complexa (te;, rf) . 

20. — axillaris x complexa. 

21. — axillaris x ephedroides = M. rhuricatella Col . 

■ Ranunculacese 

22. Clematis hexasepalaxindivisa (a!). 

23. Ranunculus Buchanani x Lyalin Cheesem. 

24. — gracilipes xSinclairii {d:, »*). 

25. — depressus xrivularis (d!), 

26. — macropus xrivularis (rf, »?). 
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Magnoliacese 

27. Wintera axillaris xcolorata (e). 

Sajfifragacege 

28. Quintinia acutifolia xserrata (w). 

Pittosporaceae 

29. Pittosporum Colensoi xtenuifolium (tZ, w). 

30. — ellipticum x tenuifolium (d) =P. intermedium T. Kirk. 

31. — pimeleoides xreflexum (w). 

CunoniaceEG 

32. Weinmannia racemosa xsylvicola [d). 

Rosaceao 

33. Rubus australis x schmideleoides [d). 

34. X parvus =jR. Cockayne. 

35. Acsena novae-zeiandiae x Sanguisorbae var. pusiila. 

36. ~ inermis X microphylla (w) . 

37. — glabra x Sanguisorbae var. pilosa (<^). 

Leguroinosae 

38. Edwardsia microphylla X prostrata. 

Rulaceae 

39. Melicope simplex xternata {p) =M. Mantellii T. Kirk. 

Coriariaceae 

40. Coriaria lurida x sarmentosa [m). 

For reason of change of name from thymifolia to lurida see W. R. B. Oliver 

in Trans. N.Z.Inst. pp. 364-65, 1921. 

41. Coriaria angustissima x lurida (m). 

Elaeocarpaceae 

42. Aristotelia fruticosa X racemosa, probably =. 4 . CoifiMsoi Hook. f. 

Malvaceae 

43. Plagianthus betulinus xdivaricatus (d) —P. cymosus T. Kirk. 

44. Hoheria angustifolia xsexstylosa {e, d). 

Violaceae 

45. Melicytus raicranthus var. longiusculus x microphyllus {d, m). 

Thymelaeaceae 

46. Pimelea Gnidia x longifolia (m) =P. Gnidia var. puhhella Cheesem. and 

probably other forms. 

47. — Lyallii (as in Manual in part, p. 614, but excluding P. Lyallii Hook. f. 

— a purely coastal species — and P. aridula Cockayne) x prostrata (m) . 

48. Drapetes Dieffenbachii X villosa (d, w), 

Myrtaceae 

49. Myrtus bullata xobcordata {p) =M. Ralphii T. Kirk and xM. Ralphii 

Cockayne, 

Onagraceae 

50. Epilobium Billardierianum X juttceum (te), w, ;^). 

51. — junceum xhirtigerum (O', ^). 

These hybrids were published by Haussknecht but there is doubt as to 
what he means by E. /wnceMw. 

52. Epilobium Billardierianum xpubens {«e», 

53- — glabellum xpubens (w, d). 

34. Fuchsia Colensoi x excorticata (w). 
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Araliaceae 

55. Nothopanax anomalum x simplex (d) =N. pawuni {T. Kirk) Cockayne. 

Umbellifer® 

56. Apium filiforme xprostratum {w, m). 

57. Anisotome Haastii X pilifera {e)—A. pilifera (Hook, f.) Cockayne and 

Laing var. pinnatifida T. Kirk. 

58. Angelica decipiens X montana. 

Comace® 

59. Corokia buddleioides xCotoneaster {e, p) =C. Cheesemanii Carse. 

Ericace® 

60. Gaultheria antipoda var. microphylla xperplexa {d, m). 

61. — oppositifolia xrupestris=G. Hook, f. 

Epacridace® 

62. Dracophyllum longifolium x montanum (m). 

63. — Lessonianum x longifolium (m). 

Gentiauace® 

64. Gentiana bellidifolia xpatula {d, m). 

Scrophulariace® 

65. Veronica macroura xsalicifolia (m). 

66. — leiophylla X salicifolia var. communis = F. Kirhii J. B. Armstg. and 

other forms. 

67. — macrocarpa x salicifolia (w) = F. macrocaypa Vahl var. affinis Cheesem. 

and other forms. 

68. — elliptica xsalicifolia var. communis {w) = F. Lewisii J, B. Armstg, 

69. — X salicifolia var. {w, d) ~ V. amaUlis Cheesem. var. blanda Cheesem. 

70. — angustifoUa x salicifolia var. Atkinsonii = x F. Simmonsii Cockayne. 

71. monticola xTraversii (<f). 

72. glaucophylla xTraversii (<^). 

73. — l®vis X salicifolia var, 

74. xtetragona. 

75. — Buchanani X pinguifolia (m) = F. Bmhanani Hook. f. var. major 

Cheesem. and other forms. 

76. — buxifoHa (probably) x lycopodioides (or some other whipcord veronica) 

X F. cassinioides Petrie. 

77. — epacridea x Haastii {d, m). 

78. — Lyallii xone of the wMpcord veronicas x F, loganioides J. B. Armstg. 

79. — difiusa xlanceolata (w), 

80. — catarract® var. x Lyallii (d) . 

Rubiace® 

8x. Coprosma propinqua xrobusta (w) = C, Cunninghamii Hook. f. 

82. — Banksii X Colensoi = C. . 4 Petrie and many other forms. 

83. — cuneata X depressa (i!?), 

Caprifoliace® 

84. Alseuosmia Imariifolia xquercifolia (e, w). 

85. ■ — Banksii xquercifolia (a, «it). 

86. xlinariifolia («, «*). 

Composit® 

87. Lagenophora petiolata xpumila (d, w). 

88. Brachycome pinnata xSincIairii {d, m). 

89. Olearia angustifolia x Colensoi = 0 . Traillii T. Kirk. 

90. — ' arborescens x capillaris. 
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Compositae — continued 
gi. Olearia ilicifolia xmacrodonta {d, m). 

xmoschata. 

g3_ xsp. of Oleavia^O. mollis (T. Kirk) Cockayne. 

94. — excorticata X ilicifolia. 

95. — ■ Haastii x moscliata. 

96. — xoleifolia (w). 

97. — cymbifolia x nummularifolia. 

98. — avicennisefolia X odorata= 0 . Petrie, 

99. — coriacea x Forsteri. 

TOO. Celmisia discolor, or perhaps brevifolia x Walked {m). 

101. xSinclairii (w). 

102. — coriacea x Lyallii, 

103. xspectabilis =C. BoweanaVQtne and other forms. 

104. xTraversii {p) =C. Morrisonii Cockayne. 

105. — X verbasdfolia. 

106. — - — xgracilenta. 

107. X sp. of Celmisia = C. ^acci/a Cockayne. 

108. — spectabilis xTraversii (p) = xC. Christensenii Cockayne, 

log. X petiolata (3&) = C. Cockayne. 

no. petiolata X verbasdfolia =C. lanigera Petrie and other forms, 
in. — Lyallii X spectabilis {p) =^C. pseudo-Lyallii (Cheesem.) Cockayne. 

112, Gnaphalium ICeriense X Lyallii (w). 

113, — trinerve x Helichrysum bellidioides id). 

114. — Mackayi x Traversii (w) . 

115. Raoulia australis X apice-nigra. 

116. — ' — ' xlutescens (d). 

117, Helichrypum bellidioides x prostratum (n). 

nS. xglomeratum (p) =H. Purdiei Petrie. 

iig, x Sinclairii {p) =H. Fowerakeri Cockayne, 

120. •— coralloides x Selago ( 4 ), 

121. Casainia fulvida X leptophylla. 

122. var, montana X VauvHliersii. 

123. — albida X Vauvilliersii. 

124. X fulvida var. montana. 

125. Cotula lanata xplumosa {w, d) =C. propinqua Hook. f. 

126. — pectinata X sericea. 

127. — dioica xpulchella (w). 

128. Senecio Lyallii X scorzoneroides. 

Addenda (but not included in total given in body of paper), 

129. Acasna iuermis x Sanguisorbse (one or more of its vars. (w)). 

130. — microphylla x Sanguisorbae (one or more of its vars. (tw)). 
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PERMEABILITY 
By WALTER STILES 
CHAPTER XII {continued) 

QUANTITATIVE RELATIONS IN THE PENETRATION OF 
DISSOLVED SUBSTANCES INTO PLANT CELLS (continued) 

Influence of temperature on the rate of absorption. The effect of 
temperature on the rate of absorption was examined by Stiles and 
j0rgensen (1915 b) for the case of the absorption of hydrochloric acid, 



Fig. 15, Curves to illustrate the absorption of hydrogen-ion by potato tuber 
tissue immersed in o-ooii N" hydrochloric acid at various temperatures. 
(From the data of Stiles and Jorgensen.) 


or rather tlie hydrogen ions of that acid, by potato tuber. The tissue 
was used in the form of circular disks i*o cm. in diameter and 0-2 cm. 
in thickness, 20 disks being immersed in 100 c.c, of the acid solution. 
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The latter was used in a concentration of o*ooii 1 
its value with time were determined electrometrical 
the hydrogen electrode. The absorption of the acid was followed in 
this way at temperatures of o°, io°, 20® and 30° C. The relation be- 
tween time and absorption found in these experiments is represented 
graphically in Fig. 15. The relation is almost a logarithmic one, so that 
the equation representing the rate of absorption is approximately 
dx 


dx 


dt 


= k{A--x), 


where ~ is the rate of absorption at any time when x is the diminution 


in the concentration of acid in the external solution and A represents 
the initial concentration. In this equation k is determined by the 
temperature and in Table XLIV are shown values of k calculated 
for the different temperatures employed. From these results it 
appears that the rate of absorption of hydrogen ions by potato tuber 
is increased about 2-2 times for every rise of temperature of 10° C, 
within the temperature range 0° C. to 30° C. 


Table XLIV 

Influence of Temperature on the Rate of Absorption of Hydrogen Ions 
by Potato Tuber, (Data from Stiles and Jprgensen) 


Temperature in 


centigrade 


degrees 

“k” 

0 

0-036 

10 

o-o8x 

20 

0-174 

30 

0-380 


This temperature coefficient is that characteristic of chemical 
reactions rather than of physical reactions such as diffusion or 
adsorption. But having regard to the great variations in the value 
of the temperature coefficient in different cases of the absorption 
of water by plant tissue, it would clearly be unwise to draw far- 
reaching conclusions with regard to the nature of the process of 
absorption of hydrogen ions from the temperature coefficient alone. 
But from the magnitude of the absorption it seems clear that some- 
thing more than simple diffusion alone is required to account for the 
process. Thus, after three hours in the acid at 30® C. the potato tissue 
had absorbed so much acid that the absorption ratio was 39 and 
there was no indication that equilibrium had been reached, 

PhYT. XXII, 3, 9 
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Whether chemical action or absorption is mainly responsible for 
this result cannot at present be said definitely any more than it can 
be for the case of salts. 

A few observations are on record indicating that the rate of intake 
of dyes is increased by rise in temperature. Pfeffer (1886) found this 
the case with methylene blue and Endler (1912 h) for neutral red. 
CoUander (1921) has recently made some observations on the in- 
fluence of temperature on the intake of some sulphonic acid dyes 
(orange G and cyanol), and concludes that temperature has a con- 
siderable effect on the intake of these dyes by the pith cells of Tro- 
pceolum. Similar results were obtained with the parenchyma cells of 
perianth leaves of Hyacinthus, although the temperature effect was not 
so great. As, however, the intake of dye was not followed with time, 
information relative to the temperature coefficient is not forthcoming. 

Influence of light on the rate of absorption. The influence of fight 
on the rate of absorption of sodium chloride by palisade cells of Acer 
platanoides, Salix hahylonica and Buxus sempervirens was examined 
by Trondle (1918 6) by the deplasmolytic method. The results 
indicate that increasing illumination increases the rate at which the 
salt passes into the cells up to a maximum with a certain fight 
intensity. This intensity varies with the different cells examined; 
with Acer platanoides it was about 1250 metre candles, with Salix 
hahylonica about 9375 metre candles and with Buxus sempervirens 
about 1500 metre candles. Results obtained previously by the same 
author (1910) by the method of permeability coefficients gave similar 
indications. On the other hand, Ruhland {1911), using this latter 
method, found that fight was without measurable influence on the 
permeability of the cells of the sugar beet leaf to sucrose, glucose and 
fructose. 

Using this same method Lepeschkin (1909 b) showed that the 
cells of the pulvini were more rapidly penetrated by dissolved sub- 
stances after illumination than in the dark, an observation confirmed 
by Blackman and Paine (1918) by determining the exosmosis of 
electrolytes by means of changes in the electrical conductivity of the 
external liquid. For reasons already given, neither the method of 
permeability coefficients nor the deplasmolytic method can be regarded 
as capable of yielding exact quantitative data with regard to the 
passage of substances into the cell. However, a more rapid rate of 
deplasmolj^is can probably be accepted as indicating more rapid 
entrance of dissolved substance, and a higher permeability coefficient 
as indicating the same thing. 
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Kahho (1921 1) found that upper epidermal cells of the leaf of 
the red cabbage placed in a 0*48 N solution of sodium iodide at 
a temperature of 23-24° C. were killed more rapidly in light than in 
the dark. Similar results were obtained with sodimn bromide and 
sodium thiocyanate. These results were attributed by Kahho to a 
more rapid entrance of the salts in question in the hght than in the 
dark. 

Influence of the thickness of the tissue on the rate of absorption. 
Hofier and Stiegler (1921), using the plasmometric method, observed 
that urea entered the epidermal cells of the stem of Gentiana Stur- 
miana much more slowly in very thin sections which contained only 
the epidermal layer, but this uninjured, than in thick sections. The 
explanation of this is not forthcoming; it might, perhaps, be corre- 
lated with the observations of Trondle (1921) on the effect of wounding 
on permeabihty to which reference is made in the next chapter. 

On the course of absorption in general. The curves obtained by 
Stiles and Kidd for the course of absorption of salts show that there 
is a rapid intake of salt for the first 15 or 30 minutes after which 
absorption follows an approximately logarithmic course towards the 
position of equilibrium. How exactly the latter part of the curve, 
or the whole of it, is represented by a logarithmic equation, cannot 
be said; in the case of the absorption of hydrogen ions by potato tuber 
the approximation was near enough for the assumption of this 
relation in the calculation of the influence of temperature. 

As the position of equihbrium diflers in the case of every substance 
and of every concentration of the same substance, at any rate as far 
as existing data indicate, it is perfectly clear that the rate of absorption 
cannot be regarded as a measure of the permeability of cell mem- 
branes to the substance. For if the permeability of the cell membranes 
to potassium chloride and calcium chloride were the same, the rate 
at which the calcium salt entered the cell would soon slow down as 
compared with the rate at which the potassium salt entered, on 
account of the different position of the equilibrium. 

The explanation given by Fitting (1915) of the slowing down of 
the rate of deplasmolysis is that the salt itself lowers the permeability 
of the cell to the salt. That this explanation is inadequate becomes 
clear from the fact that the position of equilibrium bears a definite 
relation to the concentration of the external solution, and that in 
low concentrations the absorption ratio may be many times unity, 
a result which cannot be explained on the ground of changes in 
permeability of tlie membrane alone. As the concentrations used by 


9—2 


Walter Stiles 


132 

Fitting are very high, it is to be expected that the position of equi- 
librium will be attained when the absorption ratio has reached a 
position considerably below unity, 

Trondle considered his results as indicating that there was a rapid 
intake of salt during the first 10 minutes of experiment, during which 
time the intake of salt was proportional to the time of action and 
independent of the concentration, after which the rate of intake 
gradually lessened according to a logarithmic relation. That Trondle’s 
method is capable of giving such accurate data I very much doubt 
for reasons already stated. Trbndle’s theoretical conclusions from 
these results are somewhat surprising; they will be mentioned on a 
later page. 

Hofler (1918 h, 1919) investigated the absorption of potassium 
nitrate by cells of Tradescantia elongata and Rhoso discolor by means 
of the plasmometric method described in the last chapter. This method, 
it will be recalled, attempts to measure the intake of salts by in- 
dividual cells. Hofler found extraordinarily wide variations in the 
rate of absorption of the salt by different cells of the same tissue. 
Thus in a section of parenchymatous tissue of Tradescantia elongata 
the quantity of salt absorbed by individual cells in the same time 
varied between 0-009 gm. mol. and 0*043 with a mean 

value of 0*022 gm. mol. Moreover, the quantity of salt apparently 
absorbed by the same cell may undergo as wide variations with time. 
These changes in rate of intake appear quite independent of the 
abnormally high rate of intake which is an indication of the death 
of the cell. A general decrease in the rate of intake as observed by 
Fitting was not observed by Hofler until the lapse of about a day 
or longer from the first immersion of the tissue in the solution. 

The course of absorption of the two ions of a number of salts 
by whole plants of a considerable number of different species was 
investigated by Pantanelli (1918) by analysing the external solutions 
for both ions. He came to the conclusion that the two ions are 
absorbed independently throughout the whole course of absorption. 
The rate of absorption varied greatly with different ions and different 
salts, and ions that were absorbed most rapidly by one species were 
not necessarily absorbed with any great rapidity by another species. 
Generally speaking, other factors being equal, unicellular organisms 
or those rich in protoplasm, absorb ions much more rapidly than 
multicellular organisms or those poor in protoplasm. 

PantaneUi found that in some cases oscillations occurred in the 
total quantity of ion taken in by certain of the plants he examined, 
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indicating alternating periods of absorption and excretion. This was 
observed for example in Vicia Faba in potassium bromide, sodium 
monohydrogen phosphate, calcium nitrate and barium nitrate; 
Valonia utricularis in ammonium sulphate, magnesium sulphate, 
potassium dihydrogen phosphate, ammonium nitrate or potassium 
bromide ; yeast in zinc sulphate or calcium chloride. But as the method 
of Pantanelli involves the use of different plant material for each 
analysis, it seems possible that the differences recorded resulted from 
differences in the absorbing capacity of the various batches of plants 
used. Pantanelli is aware of this difficulty, but thinks that as a 
source of error it is negligible because he had four plants in every 
vessel and took care to use plants having equal development both of 
root and shoot. 

I think it is likely Pantanelli has underrated the magnitude of 
variation possible among plants that appear very similar to the 
eye. Miss Redfem (1922 a) performed similar experiments on the 
absorption of calcium and chlorine ions from solutions of calcium 
chloride by living plants of Pisum sativtim and Zea Mays. Careful 
selection of plants that appeared equally developed was made at the 
commencement of the experiment, each plant was g: own singly in 
water culture and for any determination of absorption separate 
analyses were made of the solutions in which six plants had been 
growing. From these results it was possible to calculate the probable 
error of the determination of absorption, and although owing to the 
small number of plants no great exactitude- could be claimed for the 
results, yet these brought out very plainly the great variations that 
may occur in absorption by apparently exactly similar plants. The 
results also showed that within the limits of probable error there 
was no indication of such a periodicity in absorption as that recorded 
in a number of cases by Pantanelli, absorption proceeding con- 
tinuously to an equilibrium value attained in the case of peas after 
about 24 hours, and in the case of maize after about 48 hours. 
Subsequent excretion of the salt appears to be due to the approach 
of death of the plant. Further work with other plants is necessary, 
however, before it can be denied with certainty that the apparent 
f oscillations observed by Pantanelli can be definitely explained as 

'■ due to differences between individual plants. 
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The Influence of the Presence of one Dissolved 
Substance on the Absorption of Another 

So far, our consideration of the intake of dissolved substances has 
been limited to substances presented to the plant in pure solution. 
We have now to consider how this intake is affected when more than 
one substance is present in solution in the external medium. It has 
already been mentioned in Chapter iv that the presence of a non- 
electrolyte like sugar or glycerol reduces the rate of diffusion of an 
electrolyte, while in Chapter v reference has been made to the 
retardation or inhibition of diffusion through porcelain membranes 
that can be brought about by blocking the pores of the membrane 
with some substance. It would not then be surprising to find that 
the presence of one substance in the external solution should hinder 
the intake of another. 

That the presence of a second substance dissolved in the external 
medium reduces the harmful action of a toxic substance in the 
solution external to living tissue has long been recognised (cf. 
Brenchley, 1914 b, Stiles and Jdrgensen, 1914 b). Such a result does 
not, in itself, prove that the actual entrance of the toxic substance 
is prevented or retarded. The seat of the depoisoning action may be 
inside the plant. However, there is considerable evidence that this 
"antagonism" between dissolved substances is actually due to a 
mutual hindrance to their entrance into plant cells; this evidence 
it will be necessary for us to discuss. 

This antagonistic action was brought into prominence by the work 
of Loeb (1900, 1901, 1902, 1905, 1906; Loeb and Gies, 1902) on the 
development of the eggs of the marine fish Fundulus. Development 
of these eggs is inhibited if they are put immediately after fertiUsa- 
tion into a pure solution of sodium chloride having the same con- 
centration as that of this salt in sea water. But if a small quantity 
of the salt of a bivalent metal such as calcium, strontium, magnesium, 
or even lead, is added to the sodium chloride solution, development 
of the egg into an embryo is able to proceed. The result depends on 
the kations, as different salts of the same metals are able to act equally 
weU as depoisoners. The antagonism between monovalent and bi- 
valent kations is also shown in the depoisoning action of a monovalent 
kation towards the poisonous action of a bivalent metal such as zinc. 
Slight antagonism was also observed between two divalent kations, 
as, for example, strontium and magnesium. 
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With regard to quantitative relations between the two ions, the 
quantity of the depoisoning ion required to inhibit the action of the 
poisonous ion varies with the concentration of the latter. Thus a 
concentration of 0*25 N NaCl is harmless to Fundulus eggs; with a 
concentration of 0-625 ^ NaCl one bivalent ion is required to render 
1000 sodium ions harmless. Between these two concentrations the 
number of bivalent ions relative to the number of sodium ions is less 
the lower the concentration of the sodium chloride, while above a 
certain concentration of sodium chloride it is impossible to inhibit 
the toxic action of the sodium chloride. 

These antagonistic effects only appear so long as the fish is 
surrounded by the egg membrane. Loeb concludes that the mem- 
brane is the seat of the antagonistic action, and that it is here that 
the ions mutually hinder one another in penetrating into the egg. 

Loeb's work on antagonism in animals was followed up in plants 
by Osterhout, who devised a number of methods of attacking this 
question. In his earliest experiments antagonism in plants was 
examined by the reduction of toxic action in mixed solutions as 
compared with the toxicity of pure solutions containing the same 
substances in the same concentration. The first experiments were 
with marine plants (Osterhout, 1906 a, b, c). It was found that while 
some marine plants are quickly Idlled when placed in distilled water, 
others can live a long time in this medium^. The latter plants are, 
however, killed much more quickly when placed in a pure solution 
of sodium chloride isotonic with sea water. The toxic action of the 
sodium chloride is removed to a very great extent by the addition 
of a little calcium chloride, for in a mixture containing i c.c. of 3/8 M 
calcium chloride ■+■ 100 c.c. sodium chloride, the plants live 

nearly as long as in distilled water. If some potassium chloride is 
added to the mixture the plants live longer than they do in distilled 
water, while with further addition of magnesium chloride and 
magnesium sulphate, the plants hve practically as long as in sea 
water. 

The toxicity of sodium chloride is also reduced by die addition 
of potassium chloride or magnesium chloride, but not so much as 
by the addition of calcium chloride. The addition of potassium 
chloride + calcium chloride reduces toxicity more than magnesium 
chloride + calcium chloride, and this mixture more than magnesium 
chloride -l- potassium chloride. 

^ Possibly owing to exosmosis being less in the case of the latter (cf, Oster- 
hout, 1917 h). 
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Similar results were obtained, by Osterhout (1907) with a number 
of freshwater and terrestrial species including Spirogyra, Vauchena, 
Lunularia gemmae and Equisetum spores, as well as wheat seedlings 
and other flowering plants. In this and subsequent investigations, 
Osterhout (1907, 1908 e) introduced a second method of investigating 
antagonism, namely, by determination of differences in growth rate. 
Wheat seedlings, for example, were grown with their roots in the 
experimental solutions, and the amount of growth determined by 
measuring the increase in length of the roots in the various solutions 
after a definite time. Various chlorides and nitrates were employed. 
In this way it was shown that root development proceeded more 
rapidly in solutions containing both salts of sodium and potassium, 
sodium and ammonium, sodium and calcium, and sodium and 
magnesium, than in pure solutions of the same concentration (0'i2 M). 
For each pair of salts there is a definite ratio of the two constituents 
in which the rate of growth is a maximum. 

In a separate investigation (1908 a) Osterhout showed that the 
toxicity of magnesium salts (chloride, sulphate and nitrate) was 
reduced by the addition of the corresponding potassium salt. Not 
only is the toxicity of the magnesium reduced by the potassium, but 
the toxicity of potassium is reduced by the presence of a magnesium 
salt, for a solution containing both the potassium and magnesium 
salt is less toxic than a pure solution of either salt in the same 
concentration. 

Much the same method was used by Hansteen (1910) who em- 
ployed a Norwegian variety of wheat, seedlings of which were 
maintained for 14 days with their roots in the experimental solutions 
and the root development then estimated by determining the dry 
weights of the roots. Nitrates were used in concentrations consider- 
ably lower than those employed by Osterhout. By this method a 
definite antagonism was observed between potassium and calcium, 
a rather slight antagonism between potassium and magnesium, and 
a very little, scarcely noticeable, antagonism between potassium and 
sodium. Antagonism was observed in solutions having a concen- 
tration as low as 0-00125 

Further work on these lines was carried out by McCool (1913) 
who worked with wheat and Canadian field peas allowed to grow 
in the experimental solutions for 21 to 30 days. Growth was estimated 
by measurement of length and determination of dry weights of roots 
and shoots. Antagonism between calcium and the following metallic 
ions was found: magnesium, potassium, sodium, ammonium, barium 
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and strontium. Antagonism was also found between barium and 
potassium, barium and magnesium, and between strontium and the 
following: potassium, sodium and magnesium. McCool also observed 
antagonism between sodium and potassium and between sodium and 
ammonium. The poisonous action of manganese is reduced by the 
presence of calcium, potassium, sodium or magnesium. 

Antagonism can also be demonstrated by means of determinations 
of the electrical conductivity of living tissue. It has been mentioned 
earher that dead tissue possesses a much greater electrical conductivity 
than living tissue. Osterhout (1912 «, 1914/, 1915 h) showed that 
tissue of Laminaria lost in electrical resistance much more rapidly 
in a solution of sodium chloride having the same conductivity as 
sea water than in a solution of pure calcium chloride of the same 
conductivity, while in a solution of this same conductivity containing 
sodium chloride and calcium chloride in the proportion of 1000 mole- 
cules of the former to 15 of the latter. Laminaria maintained its 
original resistance for 24 hours, indicating that in the mixed solution 
the cells of the alga remain alive considerably longer than in pure 
solutions of the same conductivity. By this method antagonism has 
also been demonstrated between sodium chloride and magnesium 
chloride, sodium chloride and hydrogen chloride (Osterhout, 1914 i, 
1915 a), sodium chloride and sodium taurocholate (Osterhout, 1919 b) 
and between sodium chloride and a purine, caffeine, and an alkaloid, 
cevadine sulphate (Osterhout, 1919 c?). Antagonism between sodium 
acetate and sodium sulphate, and also between sodium citrate and 
a number of other sodium salts (chloride, sulphate, nitrate, iodide 
and thiocyanate) has been shown byRaber (1917, 1920 h) by the same 
method. 

Brenner (1920) considers that he has demonstrated the existence 
of antagonism between hydrochloric acid and a number of salts by 
the following experiments. He had earlier (1918) examined the 
resistance of hypodermal cells of red cabbage to acids and alkalies 
in low concentrations, using plasmolysis and deplasmolysis as tests 
of the vitality of the cells examined. Pieces of tissue were placed in 
a solution of 20 per cent, sucrose containing the acid in definite con- 
centration and left in it for the experimental time (ten minutes to 
four hours). The pieces of tissue were then transferred to 10 per cent, 
sucrose,- then into 5 per cent, sucrose for 30 minutes and, finally, 
into distilled water for the same length of time. If the cells de- 
plasmolysed normally they were considered to be living. If dead, 
the protoplast was either disorganised or was in a fixed plasmolysed 
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condition. In this way the critical concentration of a number of 
acids, that is, the concentration necessary to injure the cells in a 
certain time, was found for different plant cells. The critical con- 
centration of hydrochloric acid, for example, in the case of hypodermal 
cells of red cabbage immersed for four hours in the sucrose solution 
containing the acid, was Njyoo, corresponding to a hydrogen-ion 
concentration of 1-4 x lo"^. 

In his experiments on antagonism a similar procedure was 
employed, the hydrochloric acid in various concentrations being 
added to a number of salts in solutions which gave approximately 
equal plasmolysis. The sections were placed for 20 minutes in these 
plasmolysing solutions, then for four hours in the solution of salt 
-h acid. They were then transferred successively into a half-strength 
salt solution, a quarter-strength salt solution and distilled water. 
The concentrations of salt used, the concentration of hydrochloric 
acid in the salt solution, and the actual hydrogen-ion concentration, 
determined by the hydrogen electrode, of the mixed solution, are 
shown in Table XLV. 

Table XLV 

Critical Concentration of hydrochloric acid in regard to hypodermal 
cells of red cabbage in presence of various salts and sugars. 

(Data from Brenner) 


Salt or sugar 

Concentration 
of salt or sugar 
in per cent. 

Critical 

concentration of 
hydrochloric acid 

Actual hydrogen-ion 
concentration of 
the solution 

Sodium chloride 

2 '2 

I X I0“® 

8-91 X I0~* 

Potassium nitrate 

3*75 

1*25 X I0~® 

i' 29 xio~® 

,, chlorMe 

2-8 

i'67 X lo~* 

1-38 X TO-® 

,, sulphate 

Magnesium nitrate 

5-0 

2'5 X io“® 

4-68 X lO"-* 

8-8 

I X lO”® 

1*09 X io~® 

,, chloride 

7*0 

2‘5 X 10~® 

3-16 X 10-8 

„ sulphate 

Calcium nitrate 

i6'i 

4 X IO“® 

I-I2 X I0~® 

6-5 

2 X 

1-95 X10-® 

,, chloride 
Glucose 

6*2 

4 X IO“® 

5-50 X 10-® 

— 

r-43 X io“® 

8-90 X I0~* 

Sucrose 

20 

1-43 x io~8 

871 X 10“^ 


It will be observed from the data presented in this table that the 
different substances examined affect very differently the resistance 
of the cells to hydrochloric acid. Sodium chloride has the same effect 
as sugar, while potassium sulphate lessens the resistance of the cells 
to about half. AH the other salts, on the other hand, raise considerably 
the resistance of the cells to acids, as a much higher hydrogen ion 
concentration is necessary to injure the cells in the presence of the 
salts. 
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From these and other observations, as, for example, on the in- 
hibition of the toxic action of salts of copper and heavy metals by 
salts of the alkali and alkaline earth metals in regard to the germina- 
tion of fungus spores (J. F. Clark, 1901, 1902; Hawkins, 1913) there 
can be no doubt that antagonism is a very general phenomenon. 
But from these investigations, in which antagonism is determined 
by time taken to kill, amount of growth, or germinative capacity, 
there is no direct evidence that the antagonistic action of the sub- 
stances concerned is due to a mutual hindrance to the absorption of 
the two substances. The antagonism may result from reactions in 
the external solution, or in the cells themselves after the entrance 
of the substances. It is clear that the former can scarcely be a general 
explanation, as antagonism has been observed to take place between 
so many substances which do not react with one another. Evidence 
that the antagonism is indeed due, at any rate in some cases, to a 
mutual hindrance to the entrance of substances into the cell, has 
been forthcoming from other lines of experimentation. 

An observation of Benecke (1907), which appears to have been 
somewhat overlooked, affords more direct evidence of the effect of one 
electrolyte on hindering the entrance of another. As is well known, 
the entrance of an iron salt into the cells of a species of Spirogyra 
containing tannin, is rendered evident by the formation of a green 
or blue compound. Benecke observed that the entrance of ferrous 
sulphate into such cells is much delayed by the addition of a calcium 
salt to the solution of ferrous sulphate. This observation was con- 
firmed by Sziics (1910), who also found that the same result could 
be brought about by a number of salts, the antagonising action being 
a function of the valency of the kation, the higher tlie valency the 
greater the antagonising action. 

These results appear, at first sight, to be in complete discordance 
with those of Miss Williams (i'9i8 h) who found that cells which did 
not normally absorb ferric chloride would do so after treatment with 
solutions of various nitrates. It wiU be observed, however, that in 
Benecke's experiment the two antagonising salts were present together 
in the same solution, whereas in Miss Williams' experiments they 
were present singly and presented to the tissue one after the 
othei*. 

The non-entrance of the toxic substance in the reduction of toxic 
action by addition of some other substance to the toxic solution is 
also indicated by observations on the effect of barium salts on cells 
of Spirogyra. Osterhout (1916 e) showed that the chloroplasts of this 
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alga underwent a peculiar and characteristic contraction in solutions 
of barium chloride as dilute as o-oooi M. Strontium chloride pro- 
duced the same contraction in concentrations of o-ooi M and up- 
wards. Chien (1917) found the same contraction could be produced 
with cerium chloride in a concentration of 0-00005 M, ^ 
species of Spirogym, but not in a small one. In the smaller species 
it was found that the effect of barium chloride was inhibited by 
addition of calcium chloride or cerium chloride to the solution in 
the correct proportions, but that no antagonism could be observed 
between barium and strontium. 

A plasmolytic method has been used by Osterhout (1911, 1912 c, 
1913 &). It was found that cells of a species of Spirogyra were just 
plasmolysed in 0-2 M calcium chloride and in 0-38 M sodium chloride, 
but were not plasmolysed in 0-195 M calcium chloride nor in 0-375 M 
sodium chloride. However, the solution obtained on mixing 10 
volumes of the 0-375 M sodium chloride solution with i volume of 
the 0-195 M calcium chloride solution at once brought about plasmo- 
lysis. The failure of the solutions of the single salts in these concen- 
trations to bring about plasmolysis is held to indicate the penetration 
of the solute into the cells in these cases, while the occurrence of 
plasmolysis with the mixed solution indicates the non-entrance of 
the solutes from the mixed solution. As the osmotic concentration 
of the mixed solution is so little different from (actually a little less 
than) that of the pure sodium chloride solution, and as the con- 
centration of sodium chloride is reduced by only about 9 per cent., 
it seems improbable that the smaller rate of entrance of the salt on 
account of the lower concentration of sodium chloride would alone 
be sufficient to account for plasmolysis taking place in the mixed 
solution, and it seems most likely that the capacity for the molecules 
of sodium chloride to enter the ceE is reduced. 

The influence of one salt on the intake of another by young roots 
of yellow lupin has been investigated by Kahho (1921 d) by the tissue 
extension method. It will be recalled that Kahho found kations 
absorbed in the order K, Na, Li, Mg, [Ba, Ca], while anions fall into 
the series [Br, I, NO3], Cl, tartrate, SO4, citrate. When the entrance 
of single salts and that of mixtures of two salts are compared, the 
solutions in all cases being isotonic, it is found that the entrance 
of any kation in the series is retarded by the presence of any other 
kation to the right of it in the series, the further the kation lies to 
the right the greater the retarding effect. Thus, potassium chloride 
enters much more rapidly than lithium chloride presented in the 


Permeahility 141 

same osmotic concentration, but from a mixture of the two having 
the same total osmotic concentration (0-15 KCl + 0-048 M LiCl), salt 
enters a little faster than from the pure lithium chloride solution 
(0-192 M) but much slower than from the pure potassium chloride 
solution (o-200 M) . 

The same rule was found to hold for anions. The action of any 
salt in furthering or retarding intake was found to be the sum of the 
action of its two ions. 

While it is clear from earher considerations put forward in this 
chapter dealing with the unequal absorption of ions, that the plasmo- 
lytic test is not free from objection, direct evidence that antagonistic 
action is due to mutual hindrance to intake is forthcoming from 
chemical analysis of tissues and colorimetric determinations in cells 
and external solutions. By such means it has been shown by Sziics 
(1911, 1912) that roots of Cucurhita Pepo rapidly absorb enough 
copper from pure solutions of copper sulphate not only to inhibit 
the response of the hypocotyl and root to gravity and light, but also 
to give a very definite qualitative test for copper. If aluminium 
chloride is added to the solution of copper sulphate, the inhibition 
of the geotropic and phototropic reaction is delayed and the copper 
is absorbed to a much less extent in the same time. The maximum 
depoisoning effect is produced with a ratio of 0-15 2 V aluminium 
chloride to 0-025 iV copper sulphate. 

From water culture experiments with Eriophorum vagimtum, 
Phragmites communis and Carex riparia, Stoklasa, §ebor, T;^mich 
and Cwacha (1922) conclude that they find antagonism between 
aluminium and ferric ions. These plants were maintained with their 
roots in complete nutrient solutions which in some cases contained 
in addition aluminium nitrate, in others ferric nitrate and in yet 
others both these salts. By analysis of the experimental solutions 
after the lapse of 13 days it was found that less iron and aluminium 
were absorbed from the solution containing both these salts than 
from those containing only one, although the conditions were other- 
wise equal and the concentration of both the aluminium nitrate and 
the ferric nitrate was the same, namely 0-002 iV, as in the solutions 
containing only one of these salts. Thus, in the experiments with 
Phragmites cowwwws the quantity of aluminium absorbed from the 
solution containing this without iron was 51*3 mgm., the quantity 
of iron absorbed from the solution containing this without aluminium 
was 46-6 mgm. while from the solution containing both, 27-3 mgm. 
aluminium and 8-4 mgm. iron were absorbed. 
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By direct tests of the cell sap of Nitella, Miss Brooks (1922) has 
shown that lithium, calcium and strontium ions enter the cells of 
this plant less rapidly from mixed balanced solutions than when 
presented singly. From determinations of the electrical conductivity 
of the sap of the same species Osterhout (1922 &) concludes that the 
nitrate ion rapidly penetrates the cells when sodium nitrate is pre- 
sented to the plant in pure solution, whereas when the sodium nitrate 
is balanced by the addition of calcium nitrate the rate of entrance is 
much slower. 

So far we have considered only the antagonism between inorganic 
salts, or, more correctly, between ions, for, as we have already seen, 
the ions of a salt may be absorbed to different extents. Antagonism 
has also been observed between inorganic salts and organic sub- 
stances such as dyes and alkaloids. Thus, von Eisler and von Portheim 
(1909) found the toxic action of quinine reduced by the presence of 
salts of sodium, calcium, magnesium and aluminium. 

Sziics (1912) examined particularly the antagonism between 
quinine hydrochloric and potassium nitrate, calcium nitrate and 
aluminium nitrate in the case of Spirogyra. The absorption of the 
quinine is made visible by the precipitation of tannin in the cells, 
while as a test of vitality, centrifuging the filaments was employed, 
the plasma and chloroplasts remaining fixed if the cells are dead, 
but not otherwise. Each of the three salts used was able to antagonise 
the toxicity and entrance of the quinine, the depoisoning effect 
increasing with the valency. 

That antagonism is actually due to the non-entrance of the toxic 
substances is indicated by the observation of Sziics on the toxic 
action of piperidine in presence and absence of various inorganic salts. 
For some unknown reason the absorption of piperidine is not hindered 
by inorganic salts, and the toxicity of the piperidine is increased 
rather than diminished by the addition of an electrolyte. 

Following up the work of Sziics on the antagonistic action of 
aluminium nitrate and quinine hydrochloride, Weevers (1914) ex- 
amined the depoisoning action of aluminium chloride towards a 
number of organic substances. The tissue used was red beet pa- 
renchyma, the exosmosis of the red pigment from the cells being 
taken as a criterion of toxic action. By this method it was shown 
that aluminium chloride could antagonise a number of organic poisons, 
namely, quinine hydrochloride, chloral hydrate, formaldehyde, amyl 
alcohol, ethyl alcohol, ether and chloroform. Antagonism was also 
observed between all these substances, except formaldehyde and ethyl 
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alcohol, on the one hand, and zinc sulphate, cobalt chloride and 
manganese acetate on the other. Antagonism was also observed 
between quinine hydrochloride and copper acetate, and between 
chloral hydrate and copper sulphate. Little or no antagonism was 
found between these compounds and sodium and potassium salts, 
nor between formaldehyde and any salt except aluminium chloride. 
With each organic substance the depoisoning action of the trivalent 
aluminium ion was found to be greater than that of the divalent ions 
examined. 


The antagonism between an aniline dye and an electrolyte was 
also demonstrated by Sziics (1910). The dye selected for most of 
Sziics’ experiments was methyl violet, the intake of which by 
Spirogyra cells was examined by determining the time required for 
the cells to acquire a standard depth of colour. When, for example, 
potassium nitrate was present in a variety of concentrations (O'OOi N 
to o-o8 N) in o-oooi per cent, methyl violet solution, the time taken 
for the standard colouration of the cells to be acquired was found to. 
vary with the concentration of the salt. The same was the case when 
calcium nitrate or aluminium nitrate was employed. In Table XLVI 
are exhibited the results obtained. 


Table XLVI 

Time taken for cells of Spirogyra to reach a definite intensity of colour 
when immersed in methyl violet solution containing various quantities 
of electrolyte. (Data from Sziics) 

Time in minutes 


Concentration of 
methyl violet 
in per cent. 

Electrolyte 

Concentration of 
electroljrte 
in normalities 

required for the 
acquisition of 
standard tint 

0-000 1 

Potassium nitrate 

■ — 

2-0 

o-oooi 


0*001 

3-0 

o-oooi 

,, 

0*01 

5-0 

o-oooi 


0-08 

8-25 

0-0003 

Calcium nitrate 

— : 

0-83 

0*0003 


0*001 

2-25 

0-0003 

.1 

o-oi 

8*50 

0-0003 


0-04 

8*50 

0-0003 


0*09 

g-ry 

0-0003 

Aluminium nitrate 


0-83 

0-0003 

■■■ M ■ 

0*0005 

8*0 

0-0003 


0-0025 

. ■■12-5 ■■■ 

0-0003 


0*01 

?r9*o 


Thus the extent of the antagonistic action is dependent both on 
the concentration of the electrolyte and on the valency of the latter,' 
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tlie higher the valency the greater the antagonistic eftect, while 
Sziics also found from experiments in which the concentration of 
the electrolyte (calcium nitrate) was kept constant and the concen- 
tration of dye varied, that the antagonistic effect also depended on 
the concentration of the dye. The time required for the cells to acquire 
a standard intensity of colour is not inversely proportional to the 
concentration; it was found instead that the product of time and 
concentration of dye in the external solution increased with increasing 
concentration of dye. But no doubt the relation between time 
required for the absorption of a definite quantity of dye and the 
concentration of the dye in the solution, will depend on the quantity 
of dye selected. The inadequacy of this method of investigation has 
already been emphasized in an earlier chapter (Chapter x) and need 
not be further stressed here. 

That the retardation of absorption of dye brought about by the 
presence of electrolyte is not due to an action between the dye and 
electrolyte outside the cells, becomes evident from a number of 
considerations. Practically the same concentrations of potassium, 
calcium and aluminium nitrates are required to precipitate methyl 
violet, so it would appear that the action of these three salts in 
bringing about molecular association of the dye must be approxi- 
mately the same in each case, and consequently the coefficient of 
diffusion of the dye would be approximately the same in every case. 
Again, it was shown that yeast cells become stained with a 0*005 
per cent, solution of neutral red in less than 10 minutes, while in 
the same solution containing aluminium chloride not until after the 
lapse of 48 hours. If this were due to molecular association and 
consequent reduction in the coefficient of diffusion, it would mean, 
assuming Herzog’s formula (see Chapter iv), that the molecular weight 
of neutral red in presence of aluminium chloride is more than 
2*3 X 10’, which is obviously an impossibly big magnitude. 

A consideration of the results collected in Table XLVI makes it 
clear that diluter solutions of electrolytes are relatively more active 
in antagonising the entrance of the dye than more concentrated 
solutions. According to Sziics his results with potassium nitrate agree 
well, and tliose with calcium nitrate and aluminium nitrate approxi- 
mately, with the equation ' 

t^aC^ 

where C is the concentration of salt and t the time taken for the dye 
to enter. Because of the similarity of this expression to the adsorption 
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equation, Sziics concludes that the extent to which the intake of dye 
is prevented depends on the adsorption of electrolytes by the proto- 
plasm. 

Further investigations on this question have been made by 
Endler (1912 a) who used only truly soluble dyes, particularly 
methylene blue, but also neutral red. Among the species employed 
were XJlva lactuca, Nitophyllumpunctatum, Spirogym spp. and Elodea 
densa. Endler’s results deviated somewhat from those of Sziics. With 
a large number of chlorides and sulphates added singly to a solution 
of dye, he found that the rate of intake of dye was increased with 
increase in the concentration of the electrolyte present, but with 
further increase in concentration of the electrolyte the intake of dye 
decreased. Thus, with Elodea densa m a solution of 0-05 per cent, 
neutral red it was found that the maximum intake of dye took place 
when the chloride or sulphate of a number of metals was present in 
a concentration between o-oi M and 0-05 M. Similar results were 
obtained with methylene blue, with which the order of inhibiting 
action of different salts was as follows: salicylate (complete pre- 
vention of dye intake with o-ooi M), aluminate (complete prevention 
of dye intake with o-oi ikf) [citrate, tartrate], [chloride, sulphate], 
nitrate (recognisable uptake of dye with 0*4 M). Little difference was 
observed between the different salts of the same anions, with the 
exception that aluminium salts hinder the intake of dye more 
significantly than other salts examined. 

Where the results of Sziics and Endler diverge, the explanation 
may be found in the fact that Sziics observed the time taken for a 
certain quantity of dye to be absorbed, while Endler was concerned 
with the total quantity of dye absorbed at equilibrium. Also the 
materials, both dyes and plant species chiefly used, were different in 
the two sets of experiments. 

The action of a number of substances in influencing the intake 
of sulphonic acid dyes by perianth leaves of Hyacinthus has been 
examined by Collander (1921). He found the intake of cyanol and 
orange G was strongly hindered by a 2 per cent, solution of ether, 
although a i per cent, solution had only a little influence, while 
solutions containing 3 per cent, ether or more killed the cells in a 
short time. Chloral hydrate in concentrations from 0*5 to i per cent, 
also inhibited the intake of the dye, while 2 per cent, killed the cells 
in a short time. 

Collander, using dyes in presence of phosphate mixtures of 
definite hydrogen-ion concentration, concluded that the hydrogen- 
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ion concentration greatly influences the intake of cyanol and orange 
G by perianth leaves of Hyacinthus, the intake being furthered by 
acidity and reduced by alkalinity. A 0*25 to 0-2 per cent, solution 
of ammonium carbonate completely prevented the intake of cyanol 
and orange G. These results fall into line with those of Harvey (igii) 
and Endler (igi2 b) who found the reverse influence of acidity and 
alkalinity on the penetration of basic dyes. It is not clear how far 
these results are connected with the general phenomena of antago- 
nism. 

Sziics (igio) found that the rate of intake of a basic dye, methyl 
violet, or neutral red, is much reduced in presence of the acid dye 
Congo red. This is attributed to the formation of a compound of the 
two dyes in the external solution: a compound which cannot enter 
the cell. The non-entrance of the dyes in such cases is obviously not 
comparable with the other cases already discussed. 

Methods of making quantitative determinations of antagonism 
by comparing amount of growth in plants in different solutions under 
otherwise the same conditions, have been formulated by Osterhout 
(igi4 6, c, While such methods are undoubtedly of importance 
from the point of view of the study of growth, they do not provide 
a means of determining intake or permeabihty under different con- 
ditions of composition of the external solution. One point of importance 
emphasized by Osterhout {1914 d) to which reference may be made 
is that the relative concentration of two salts in which antagonism is 
greatest is not affected by dilution or concentration of the mixed 
solution. This is certainly an important fact, but to state that this 
law of direct proportionality “is in reality Weber’s law” (Osterhout, 
1916 c) appears to me an unwarranted extension of the scope of 
Weber’s law^. 

Exact quantitative data relating to the influence of one substance 
on the intake of another are for the most part wanting. The best 
available appear to be those of Sziics on the intake of methyl violet 
in presence of various inorganic salts; these experiments have already 
been described. It will be necessary to obtain a vast quantity of 
further data before Sziics’ view that antagonism in this case results 
from adsorption of the inorganic salts by the protoplasm can be 
accepted, especi^y as Endler's experiments on the intake of methy- 

^ ‘'Weber’s law states that ‘the just noticeable increase of a stimulus bears 
a constant ratio to the original stimulus,’ or ‘two stimuli, in order to be dis- 
criminated, must be in a constant ratio, the latter being independent of the 
absolute magnitudes of the stimuli.’” (Flack and Hill, 1919.) 
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lene blue and neutral red suggest that the phenomenon cannot be 
so simply explained. 

Osterhout (1916 b, d, 1917 c) has formulated what he calls a 
“dynamical theory of antagonism” based ultimately on the assump- 
tion that “ an accurate measure of antagonism is furnished by the 
electrical resistance of living tissues.” It is found that substances 
are of two kinds, those like sodium chloride, which bring about a fall 
in the electrical resistance of the thallus of Laminaria Agardhii and 
other plants, and those which, like calcium chloride, bring about an 
increase in electrical resistance followed very shortly {often within 
15 minutes) by a decrease in resistance, which proceeds, as in the case 
of the first group of substances, to a maximum when the tissue 
is dead. 

Osterhout supposes that two processes are involved, one pro- 
ducing a fall in resistance, the other a rise. He assumes that these 
two processes can be represented by the simple sdieme 

where the substance A breaks down to form an intermediate sub- 
stance M which itself breaks down to form B. It is further assumed 
that the resistance of the protoplasm is due to the intermediate 
substance M (“a substance at the surface of the cell which offers 
resistance to the passage of ions” (Osterhout, 1917 c)), and that the 
resistance of the tissue is proportional to the quantity of ilf + a 
constant equal to the resistance of the tissue when dead. 

It is assumed that in Laminaria under normal conditions in sea 
water, the quantity of each of these substances remains constant. 
On transferring the mixture to a solution of sodium chloride or 
calcium chloride, or a mixture of the two, it is further assumed that 
the velocity constants of the two reactions A -^M and M S are 
altered. Then, if the reaction A~^Mis more rapid than the reaction 
M ->B, M will accumulate and the resistance will be raised until the 
supply of A becomes exhausted when Af will form more and more 
slowly, so tliat ultimately it wiU decompose faster than it is formed, 
when the resistance will fall. 

Values can be selected for the velocity constants of the two 
reactions so that on the assumptions already made curves between 
time and quantity of the substance M present can be constructed 
which agree with the curves of resistance of Laminaria in sodium 
chloride, calcium chloride or any mixture of the two salts. It 
is then found that as* the quantity of calcium chloride in the 
solutions increases, the velocity constants of both the actions 
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A ~^M and M B first rise and then fall, the minimum value 
naturally occurring in the mixture of salts in which the fall of 
resistance is slowest. 

To account for these changes in the values of the velocity con- 
stants, Osterhout puts forward two alternative suggestions. According 
to the simpler one, the rate of the first reaction is increased by calcium 
chloride, which has a minimum influence when the molecular pro- 
portion of this salt to sodium chloride is 4*76 : 95*24, that is, when the 
proportions are such that the resistance falls most slowly, while the 
rate of the second reaction is increased by sodium chloride, which 
also has a minimum effect when the ratio of calcium chloride mole- 
cules to sodium chloride molecules is 4*76 : 95*24. " It makes little 
difference whether the value of the constant is increased by the salt, 
the effect passing through a minimum, or diminished by the salt, the 
effect passing through a maximum.” 

The alternative explanation supposes that the first reaction, 
A -^M, that is, the formation of the substance to which the tissue 
owes its resistance, is catalysed by calcium chloride, while both the 
first and second actions are retarded by the presence of a substance 
such as NagoXCaClaa formed between sodium chloride, calcium 
chloride and a constituent X of the cell, and the action is supposed 
to be reversible. The quantity of this substance present is then 
governed by the law of mass action and can be calculated from the 
equation 

JpNa^CaCl,, 

(CNaaP"Cj:Ccaci.“ 

where the symbols CNaa, Ccaci,, etc., represent the concentrations of 
the various substances concerned, and jK is a constant. 

When the maximum quantity of this negative catalyst is pro- 
duced there will be maximum antagonism. Now, according to 
Osterhout, the position of maximum antagonism is independent of 
the absolute concentrations of the antagonistic substances, while 
the relative proportions of the salts giving a maximum quantity 
of the compound Na^oACaCl^ will depend on the concentration. To 
overcome this difficulty, Osterhout assumes that the negative catalyst 
is formed at the surface, the sodium chloride being supposed to migrate 
into the surface until the surface layer is saturated, so that with 
increased concentration of the salts either inside or outside the cell, 
the concentration in the surface layer remains constant. 

It must be admitted that this is a rather tremendous super- 
structure of theory built on the foundation of the changes in electrical 
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resistance of Laminaria disks in solutions of sodium and calcium 
chlorides. While the explanations may be credible they are, for the 
most part, speculative, and on this account they do not call for 
consideration here. It may, however, be said that to regard changes 
in resistance as dependent on, and proportional to, the change in 
quantity of one substance in the cell, appears to the writer, for 
reasons cited in the previous chapter, to neglect the complexity of 
the system involved. 

{To be coniinued) 


IMPERIAL BOTANICAL CONFERENCE, 1924 

AT a representative meeting of botanists held recently at the 
Linnean Society’s rooms it was decided to hold a Conference of 
British and Overseas botanists early next summer on the occasion 
of the British Empire Exhibition. An Executive Committee, was 
appointed with Sir David Prain as Chairman, Dr A. B. Rendle as 
Treasurer, and Mr F. T. Brooks as Hon. Secretary. An invitation 
to attend the Conference has been sent to all Overseas botanists. It 
is expected that the Conference will include discussions upon modern 
aspects of Systematic Botany, Ecology, Morphology, Plant Physio- 
logy, Genetics, Plant Pathology, and upon the best means of effecting 
interchanges of students and staff between different parts of the 
Empire. Two meetings of the Executive Committee have now been 
held and the date of the opening of the Conference has been fixed 
for Monday, July 7, 1924. The meetings wiU aU be held within 
the week, and excursions will be arranged for the weekend and the 
beginning of the following week. f. t, b. 
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THE BRACTLESS INFLORESCENCE OF THE 
CRUCIFERS 

By EDITH R, SAUNDERS 
Fellow of Newnham College, Cambridge 

(With Plate III and g figures in the text) 

I N a recent communication’^ dealing with the significance of certain 
superficial features exhibited in the stems of a large number of 
the higher plants and occasionally also in the hypocotyl, it was 
shown that in anatomical evidence of the kind indicated we have 
clear proof that the entire surface of the shoot axis is composed of 
the extensions of the leaf areas below the point of exsertion — to use 
the very appropriate term recently employed by other writers. For 
in some species these downward extensions, which are fused internally 
with the axis tissue proper and laterally with each other, have their 
potential edges demarcated by visible anatomical indicators such as 
hair, ridge and colour lines. At the same time it was realised that 
certain well known exceptional constructions might appear not to 
be covered by the above generalisation, and to need further investi- 
gation. One such case would seem to be furnished by the so-called 
bractless raceme of the Cruciferae, of which we have a typical example 
in the Stock [Matthiola incand). But though the (apparently) bract- 
less condition is a very general feature in Cruciferous inflorescences, 
it is to be noted that this apparent total suppression of all bracts is 
by no means universal in this family. Many cases are enumerated by 
Godron^ where larger or smaller bract structures have been observed, 
and according to this author a bract, generally rudimentary but 
sometimes more or less well developed, is quite frequently present. 
He further notes the not infrequent occurrence in the inflorescence 
of decurrent ridge lines from the bract margins and midribs similar 
to those starting from the leaf insertions, and comments upon the 
fact that these features are sometimes observable emn when the tract 
is undeveloped^. (Viewed from the standpoint of the “Leaf -skin” 
theory, these contour lines no longer present a difficulty, see foot- 

The Leaf-skin Theory of the Stem, Annals of Botany, 38, p. 135, 1923. 

® Ann. Set. Nat. 3, p. 281, 1864. 

® See also Norman, Ann, Soi. Nat. 9, p. 124, 1838. 
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note I, p. 150,) Wretschko^, Eichler^, Baillon^, Masters^ and others 
also state that bract rudiments occur exceptionally in various Cruci- 
ferse and sometimes attain full development. There is thus a good 
deal of evidence to show that in a number of Cruciferous species, at 
least in some circumstances, a region of the inflorescence axis may 
show a normal construction quite in accord with the conception of 
the leaf-skin referred to above. It therefore becomes necessary to 
examine more closely into the actual conformation where the bract 
is seemingly absent. For this purpose the Garden Stock offers, as 
we shall see, particularly suitable material. Specific mention of this 
plant in this connection is made only by Eichler who cites Maithiola 
annua as a case where the bracts are wanting, and Masters® who, 
on the other hand, includes Maithiola incana among the species 
listed as occasionally having bract structures present. He, however, 
gives no further information. 

The normal sequence of shoot development in the Stock is as 
follows. The main axis, after giving rise to a close rosette of numerous 
spirally arranged leaves, produces well-developed inteniodes so that 
the leaves formed later stand far apart, and finally terminates in 
an apparently bractless raceme. The axillary bud of the lower leaves 
on the main axis remains undeveloped. In the succeeding region the 
buds give rise to a leafy branch which in turn terminates in a raceme. 
The first two leaves on these lateral stems are usually placed close 
together and opposite to one another at the extreme base, their 
position in relation to the subtending leaf on the main axis corre- 
sponding with that of a pair of bracteoles to the main bract. In the 
lower branches these two leaves are succeeded by several others 
placed singly at considerable intervals. As we ascend the plant, the 
number of leaves so borne diminishes, until perhaps the basal two 
alone are formed: or, even these two may be wanting, the lateral 
axis developing flowers straightway. If secondary lateral axes are 
produced, similar relations hold good. Although in the majority of 
individuals, as already stated, the pedicels appear not to be sub- 
tended by a foliar structure, one can often find individuals here and 
there in a large culture in which a normal leaf of larger or smaller 
size occurs immediately beneath and subtends the lowest or next 
flower in the raceme (Fig. 5), though the succeeding flowers are not 
thus accompanied. In others again a small subulate process may be 

1 Sitzungsberichte d. k. Wien, Bd. 58 , i, p. 211, 1868. 

^ FZom, p, 535, 1865. » 8, p. 181, 1872. 

* /. Linn. Soc. 14 , p. 391, 1875. 

® Loc. cit. ® Loc. cii. -p. 394. 
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formed beneath some of the lower flowers at varying levels from the 
base of the pedicel upwards (Figs. 3-4), a faint decurrent outline 
indicating the delimitation of the downward extension below the 
exsertion point (Fig, 4). The indeterminate position is due to a pro- 
longed fusion of the bract process with the pedicel which it subtends, 
and the consequent carrying up of the exsertion point. [It may be 
noted in passing that some amount of fusion of the lowermost pedicels 
with the main axis is also of common occurrence, and was evidently 
present in the specimen of the. Stock used for the illustration in 
Bessler’s Hortus Eysiettensis'^.] In the hoary type these processes are 
easily overlooked owing to their being partly imbedded in the felt- 
work of hairs (Figs. lo-ii), but in glabrous individuals they stand 
out conspicuously (Figs. 12-13). In a glabrous plant which has the 
constitution CRH the otherwise hairless process may bear at its apex 
one characteristically branched hair like the ordinary foliage leaves 
in this strain 2 (Fig. 13). The process is clearly the very much re- 
duced free region of a subtending leaf (bract). It contains no vascular 
tissue and but little chlorophyll, and constitutes merely a very simple 
hydathode, for two or three water pores are generally present. Except 
for this latter feature, it is remarkably like the rudimentary leaf 
structures in Psiloium triquetrum. Immediately below the exsertion 
level the undisturbed vascular ring of the stem lies slightly further 
from the surface than at other points of the circumference, owing 
to the slight increase in bulk of cortical tissue forming the downward 
continuation of the process. Such bract-processes are not restricted 

^ Classis aestivalis, fol. 33, 2, 1640. 

2 See J. of Genetics, 10, p. 159, text-figure r, also PI. VIII, Figs. 7 and 8, 
C and R denote the two factors required to produce coloured sap. H =one of 
the factors for hoariness. 


Description of Text-figures on p. 152. 

Figs. 1-2, Cheimnihus Chein. Fig. i, a flowering shoot with a bract-process 
accompanying the lowest flower; the downward extension of the process 
can be traced to the mid-axil of the fifth leaf below as usual in a f arrange- 
ment. [The similar demarcation lines from the foliage leaf insertions are 
not shown in the drawing.] Fig. 2, portion of the same showing the bract- 
process more highly magnified. N.B. Figs. 3-9, Matthiola incana. Figs. 3-4 
show a bract-process accompanying the flower and fused for some distance 
with the pedicel. Fig. 5, the lowest flower in the raceme subtended by a 
foliage leaf. Fig. 6, young inflorescence accompanied by a sickle-shaped 
leaf which is half foliage leaf, half sepal in form. Fig. 7, a sickle-shaped leaf 
more highly magnified showing the crinkled membranous border charac- 
teristic of a sepal along the concave edge. Fig. 8, a shoot bearing a flower 
accompanied by a “sepal-bract," Fig, 9, a “sepal-bract" overarching a 
young inflorescence and thus causing the axis to become curved. 


154 Edith R. Saunders 

to the bottom flower on the axis. They may be detected perhaps 
up to the fifth or sixth, but I have never seen them attain develop- 
ment the whole way up the inflorescence h Similar non- vascular 
bract structures are also frequently found in the Wallflower (Figs. 
1-^2). Again in some cases, in addition to a subtending leafy bract 
an asymmetric sickle-shaped leaf structure may be present in the 
position of one member of the basal leaf pair (Fig. 6). This peculiar 
shape was at first attributed to injury, but on closer inspection it 
was noticed that the concave margin of these structures always 
differed from that of the convex side in having a transparent, and, 
in coloured forms, often a tinted membranous border (Fig. 7). The 
border and the upper surface of the concave half in hoary as well 
as in glabrous strains was devoid of hairs. This combination of 
characters showed at once that we are dealing here with a structure 
which is half leaf and half sepal^. The sepaline sector being capable 
of only a very limited longitudinal extension, the whole structure 
becomes curved. Sometimes the sepaline border may be developed 
for only quite a short distance and then cease; the sepal-bract then 
presents an appearance as though a piece had been bitten out on 
one side. In other cases the sepaline modification occurs along the 
whole of loth margins, and we then get a symmetrical boat-shaped 
bract identical in form and appearance with the sepals proper 
(Figs. 8-9). When the complete transformation occurs, the whole 
young raceme may occasionally be found curved into a bow, for the 
sepaline bract is unable to keep pace with the growth in length of 
the axis, and the boat-shaped tip overarching one of the flower buds 
acts as a grapnel and holds the whole short apex down. Where, as 
is often the case with the upper branches there is but little elongation 
of the lateral axis and the basal leaf pair is followed at once by the 
floweis, both of these leaves may be thus modified. The normal 
floral arrangement is not as a rule affected by such transformations, 
the full complement of four sepals being present. If however the 
calyx follows upon a sepal-like bract without any appreciable inter- 
node, one of the true sepals may be lacking. This assumption of 
sepaline characters by the bracts was observed by Engler® in a 
monstrous form of Barbarea vulgaris, in which several flowers had 

^ In Ibeyis sempeyflorens, on the othef hand, bracts may attain develop- 
ment in the upper part of tho inflorescence and be undeveloped in the lower 
(see Eichler, foe. 


2 The leaf in a hoary stock is hairy on both surfaces, the sepal is glabrous 
on the upper (inner) face and hairy beneath. 
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less than four sepals. But the normal structural balance in this case 
seems to have been altogether upset, the plants being abnormal 
throughout in other respects. 

At present we can only speculate as to the immediate cause of 
this morphological instability, for the modifications described above 
occur apparently quite irregularly, it being impossible to predict in 
which individuals they will be found. But we can scarcely go wrong 
in supposing that the same process of reduction which has un- 
doubtedly taken place in the g5mcEcium^ and probably also in the 
androecium of Cruciferse has likewise had its effect on other parts 
of the inflorescence, and that in the precursors of the existing repre- 
sentatives of this family each flower was furnished with a fully 
developed bract. As the process of reduction set in and progressed, 
we can conceive that the free lamina of the bract ceased to be de- 
veloped, the basal extension alone being present and remaining 
unaltered, and thus the raceme came to assume its present bractless 
appearance. The great variability exhibited by the occasionally- 
formed bract lamina in the Stock and its irregular occurrence points 
rather to a ye-appearance under favourable conditions of a lost 
structure than to a last flicker before final c?»sappearance of a member 
generally exhibiting the uniformity and constancy indicative of strict 
inheritance but little affected by varying conditions. 

Description of Plate III 

Figs. 10-13, Matthiola incana. Fig. lo, flowering shoot of the hoary type 
showing a small hairy bract-process accompanying the oldest flower and 
a small leaf subtending the next; both are exserted some distance up the 
pedicel. Fig, 1 1, another specimen showing the exceptional case of a bract- 
process in a fully hoary type glabrous except for the terminal hair; the 
absence of hairs elsewhere on the process may be due to the extreme 
tenuity of the structure. Fig. 12, flowering shoot of a glabrous plant witli 
smooth bract-processes to the two lowest flowers. Fig. 13, another 
specimen: the bract-process bears a branched hair at its apex (see text). 

Conclusions 

I. The description of the Cruciferous inflorescence as ‘ ‘ bractless ” 
must be understood to mean that it is only the free exserted region 
of the bract which has undergone suppression, the basal extension 
being still formed and clothing the axis with a "leaf-skin" in the 
same manner as if the region above the exsertion level had attained 
full development 

1 The evidence for reduction in the gynoecium forms the subject of a 
separate paper now in the press. 
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2. The fact that foliar organs functioning as bracts sometimes 
occur in species which typically are bractless in this sense, and that 
even in one and the same species they may assume very varied forms, 
suggests that in such cases the bracts were in the first instance 
reduced to their basal extensions. 

3. But that after this stage in the phylogenetic history has been 
reached, a favourable conjunction of circumstances may stiU allow 
of the reappearance of the exserted portion, hereditary control being 
then inoperative or subordinated to the influence of varying con- 
ditions. Thus in MattMola incana the occasionally-appearing free 
portion may take on the form of a foliage leaf, a sepal, a structure 
half leaf, half sepal, or a small non-vascular process constituting a 
simple hydathode. 

4. This sequence of reduction followed by occasional reversion 
is parallelled in most striking fashion by the phylogenetic history of 
the Cruciferous gjmcecium, which is dealt with elsewhere (see foot- 
note I, p. 155). 

For the drawings reproduced on p. 152 I am indebted to Miss 
D, F. M. Pertz to whom I here tender my most grateful thanks. 

The expenses incurred in connection with the work have been 
defrayed in part by a grant from the Royal Society. 

AN APOCARPIC PLANT OF THE RED CAMPION 
{LYCHNIS DIOICA h) 

By R. snow 
(With 4 figures in the text) 

T he plant described in this note was found flowering in a hedge- 
bank near Exeter in September, 1922. 

The petals were vestigial or lacking, and the plant being carpel- 
lary, only minute rudiments of stamens were present. The carpels, 
however, were, in most of the flowers, entirely free, and 5 to 8 or 
more in number. They bore freely exposed ovules on their adaxial 
surface and terminated in stigmas of normal appearance (fig. i).* In 
a few flowers, a central S3mcarpous ovary of 2 or 3 carpels was sur- 
rounded by a ring of free carpels. The calyx was normal. 



Fig. I. Abnormal flower ia elevation. 

Fig. 2. Longitudinal section of very young bud of abnormal plant, showing 
ovules just arising. 

Fig. 3. A slightly older bud of the same. 

Fig. 4. Bud from a normal carpellary plant, of about same age as {3), with 
stigmas not yet formed. 
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The plant was brought into the garden, and in May of this year 
(1923) has flowered again with flowers of the same abnormal type. It 
has not been found to set any seed, but will be further tested. 

In Penzig's Pflamentemtologie (1921) no similar abnormality is 
described for Lychnis dioica, though reference is made to the occur- 
rence of "several rings of carpels. . .in various SilenecB ” (Vol . 2, p. 138) . 

An interesting floral abnormality of a different kind is also 
described by Buchenau {Ber. d. d, hot. Ges. 21, p. 417 (1903)) for 
a plant of Lychnis dioica, under synonymy of Melandrium ruhrum. 


THE PROGRAMME OF SECTION K AT 
THE FORTHCOMING MEETING OF THE 
BRITISH ASSOCIATION, LIVERPOOL, 
SEPTEMBER 12 — 19, 1923 

A very large number of titles and abstracts of papers intended 
_ for communication at this meeting have been received by the 
organising committee, and it has been no light task to fit as many of 
them as possible into the available time. The work to be communi- 
cated ranges over a large part of the vast field of modern botany, 
and, as usual, an effort has been made to keep the papers dealing 
with related topics as far as possible together, so as to avoid the 
constant distraction of the interest of the audience from one subject 
to another, though it has not proved practicable to group all papers 
in this way. 

The President earnestly hopes that all readers of papers will re- 
member that they are not addressing an audience exclusively composed 
of specialists fully instructed in the technicalities of their special 
branches of reseaxch, and that each author will take pains to be 
thoroughly intelligible to all botanists. It is legitimate for an author 
to assume that his hearers possess a good botanical training and a 
keen interest in the subject as a whole, but it is most undesirable that 
the Sectional meetings of the British Association should cease to be 
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intelligible except to different groups of people engaged in highly 
specialised departments of research. The occasion of the annual 
meetings of Section K forms an opportunity for every botanist to 
learn what is being done in branches of the subject other than his 
own, but he cannot do this with any completeness unless the author 
will put himself in the place of his audience. This result can be achieved 
in the great majority of cases without any sacrifice of substance. 

The plan followed in arranging the papers has been to allot half- 
an-hour (in a few cases somewhat longer) to each author, including 
time for discussion. The author can decide for himself how much of 
his time he will devote to expounding his results and how much he 
will leave over for comment or criticism by others. But at the end 
of the allotted time it will be necessary to call on the author next on 
the programme. The necessity of interrupting what may be a profit- 
able discussion is regrettable, but with a very full programme it is 
impossible to allow any considerable latitude without unfairness. 

The President’s address, which will be delivered at the outset of 
the sectional meetings, at 10 o’clock on Thursday morning, will be 
devoted to a consideration of the changes in our outlook on botany 
during the last few decades, the causes of these and their implications 
for the subject as a whole. The rest of the morning will be occupied 
by miscellaneous papers by Miss E. R. Saunders, Prof. H. H. Dixon 
and Mr N. G. Ball, Prof. Neilson Jones, and Dr M. C. Rayner. The 
afternoon will be devoted to three papers by Dr F. G. Gregory, 
Mr C. Hunter, and Mr F. G. Henderson, on the effects of light, tem- 
perature and COg concentration on various functions of the plant. 
Mr S. G. Jones will speak on the life-history of Rhytisma. 

Friday morning will be occupied by an address on Oxygen and 
Respiration by Dr F. F. Blackman. This will be followed by papers 
on the effect of electricity on plants, in which Prof, V. H. Blackman 
and members of his school will take the leading part, and by miscel- 
laneous papers. The afternoon will be principally devoted to papers 
on recent work on chromosomes by Major C. C. Humt, Miss Ferguson, 
Miss Campin and Miss Rees. 

Saturday will be occupied by a field excursion, the place being not 
yet definitely settled. 

Monday morning will be devoted to morphology. Dr D. H. Scott 
will open with an account of the Early History of the Stele, Prof. 
Lang will follow on the Organisation of the Plant in the Vascular 
Cryptogams, and Prof. McLean Thompson wiU deal with Develop- 
mental Morphology. Dr E. N. Thomas will describe observations on 
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the seedling anatomy of the Sapotaceae. In the afternoon Dr Gelston 
Atkins will deal with seasonal changes in sea water and their relation 
to plankton, Prof. Seward with the Cretaceous flora of Greenland, 
Prof. Thoday with Passerina and its geographical distribution. At 
5 o’clock Dr W. L. Balls will give a popular lecture on Cotton, 
Tuesday morning will be mainly devoted to a j oint discussion with 
Section M (Agriculture) on Virus Diseases of Plants. Dr Paul 
Murphy will open, and will be followed by the distinguished Dutch 
authority Prof, H. .M. Quanjer, and then by Dr W. B. Brierley, 
Mr T. Whitehead, Mr Holmes Smith, Mr Kenneth Smith, and Others. 
In the afternoon there will be an excursion to the West Lancashire 
sand dunes. ■ 

Wednesday morning will be devoted to the Effect of Soil Sourness 
on Plants. The President will give a brief general account of the 
subject, designed for the orientation of members of the section to 
whom it is unfamiliar, and he will be followed by Dr E. J. Salisbury, 
Dr N. M. Comber, Dr W. H. Pearsall and Prof, J, H. Priestley. 
Different views of the essential factors at work will be put forward, 
and it is believed that an interesting and lively discussion will be 
secured. 
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VARIATION AS AN ORGANIC FUNCTION 

By C. W. SOAL, B A. 

I. Many controversies have centred round the relative importance 
of the various "organismal” and “environmental” factors in evolu- 
tion, the Lamarckian and mutationist theories differing markedly in 
this respect. It is suggested in this paper that these differences are 
due in part to certain limitations in the more fundamental concepts 
of current biology, and that an alternative and perhaps more empirical 
method of approaching the subject may tend to eliminate them. 

The biologist customarily regards the organism as a material 
structure, comprising an aggregate of characters, which is more or 
less sharply defined spatially from the rest of the material universe 
or environment by virtue of its peculiar properties. It is usual more- 
over, for physiological reasons, to associate these properties more 
closely with a definite portion of its structure — the protoplasts of 
the cells. The organism thus becomes, as it were, a skeleton of “living” 
matter surrounded by an unspecialised “primary” environment and 
interpenetrated by a specialised “secondary” environment-— the non- 
living cell-sap, lymph, cell-walls, etc.— a conception which, while 
pushing back further the dualism between organism and environ- 
ment, does not resolve it. Both these assumptions are however 
purely arbitrary conveniences. During the organism’s life there is a 
constant flux of matter through various physiological channels. The 
protoplasts are also themselves organised structures, being differ- 
entiated into cytoplasm, chromosomes, etc., and these in turn into 
a variety of chemical substances variously distributed, some of which 
at least are common to other parts of the organism, or even to the 
primary environment. There is no logical reason, therefore, why the 
process of localisation should not be carried further by the postula- 
tion of subordinate centres of activity within the cell interpenetrated 
by a “tertiary” environment, and so on indefinitely. 
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The physiological theory that the specific properties of the 
organism are a chemical function of its germ-plasm is, moreover, not 
really an induction from biological facts. What we actually observe 
in development, heredity, and variation is that certain material 
complexes — organs, tissues, cells, chromosomes, etc . — change in 
different ways, often periodic and variously correlated in constant 
fashion. Empirical biology is the study of these changes. The actual 
matter of the germ-plasm obviously does not persist during somatic 
life, since all, or practically all, the somatic protoplasm is derived 
ultimately from primary environment in the course of develop- 
ment. The only constant factors are the co-ordinated groups of 
changes that we term cell-division, and cell-development, which give 
rise to definite recognisable types of cell structure, whether in the 
form of chemical compounds or larger material aggregates. The 
germ-cell is simply an observed link in a particular periodic series of 
biological events in some way causally related, and we must ascribe 
its specific properties primarily to this fact. 

It is contended here that the physico-chemical standpoint, 
whether ultimately justifiable or not, is at present of no value as a 
working theory, since the phenomena with which empirical biology 
deals are not obviously physico-chemical in character. It is a facile 
generalisation that may indeed often act as an incubus rather than 
an asset in biological investigations, as will be subsequently shown, 
by leading to an uncritical confusion of different classes of phenomena 
that are qualitatively distinct. It is suggested therefore, that it is 
desirable in the present state of knowledge to devise a working 
theory of development, heredity, and variation framed in other 
than physico-chemical terms. 

From this point of view we shall find it more consistent to discard 
altogether the dualistic conception of organism and environment, at 
least in the sense of impl5iing spatial definition. Biological phenomena 
are regarded simply as changes in the material environment of a 
particular quality, that are variously correlated in groups and se- 
quences. We must at present simply accept these correlations as 
observed facts; they form the inductive basis of our science. Any 
sequence of environmental changes that is sufficiently constant and 
distinct may be referred to an organic activity — without prejudice as 
to its ultimate nature. It is simply some particular constant aspect 
of the organism's behaviour in the course of development, the 
organism itself thus becoming a co-ordinated system of activities. 
An activity is always associated with a series of energy-reactions, but 
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it may or may not be more than the mere summation of such a 
series. It is a unity, co-ordinated in time and space, that has definite 
form and direction. Thus in every organism cell-division constitutes 
a primary activity. It is a type of organismal behaviour that we 
can recognise as being at once generally constant and qualitatively 
distinct, although we cannot at present give it any interpretation in 
physiological terms. 

Cell-division is, however, by no means an isolated or sporadic 
phenomenon. In the process of ontogeny beginning with the first 
segmentation of the zygote, the successions of cell-divisions are co- 
ordinated in a number of parallel but interdependent sequences 
which give rise to the somatic morphological characters at every 
stage of development. The character of these sequences, and the way 
in which they are mutually related are also fundamental aspects of 
the organic activity-system. 

As a somewhat more complex example, functional adaptation is 
a distinct type of activity. When for instance we observe that a 
plant responds to an increase in the intensity of sunlight by a variety 
of distinct and apparently co-ordinated bodily movements having 
the effect of reducing transpiration, we simply recognise certain 
changes in the environment-state of a particular familiar quality. 

In the same way, in the higher organisms, instinctive and intelligent 
behaviour are distinct types of activity. Their psychological aspect, 
as inferred by analogy with our own subjective experience, does not 
primarily concern the biologist qua biologist. From the biological 
standpoint instinctive and intelligent acts are essentially a part of 
the process of somatic development, differing only qualitatively from 
cell-division, tissue-differentiation, and internal bodily readjustments 
that are the normal accompaniment of every individual life. There 
is however the important difference that the environmental changes 
by which these higher activities are recognised and defined are for 
the most part external to the body of the organism in the ordinary 
sense. In this category we should place not only co-ordinated bodily 
movements, but also tlie various external structures which result 
from the instinctive and intelligent behaviour of the higher animals, 
such as the web of a spider, the mud cells of the mason bee, the nest 
of a bird, the lodge of a beaver, or even a machine constructed by 
man. These "external characters” are essentially a part of the 
organism’s morphological structure, and the energy-reactions with 
which they are associated are an integral part of its physiological 
economy. They are definitely specific, and may, or may not, show a 
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greater range of individual fluctuation than the ordinary bodily 
characters to which the biologist customarily confines himself. 

This difference between internal and external characters necessi- 
tates, however, that we should define the sense in which we use the 
term “environment” a little more precisely. It is proposed to retain 
the distinction between the unspecialised primary environment out- 
side the organism, and the specialised secondary environment which 
comprises all the matter within the sphere of its activities. In plants 
the secondary environment will be practically all included within the 
morphological body. In the much more complex case of an insect 
colony however, it will also include all material structures associated 
with the life of the colony that have resulted from environmental 
changes brought about by the activities of the individual insects, 
such as the nest, cocoon-cases, and external food supplies. 

Activities are thus seen to be definite aspects of the life of the 
organism of which we have an empirical knowledge. They are events 
in the phenomenal world having properties of their own, that place 
them in a unique category. Even if it be ultimately true that an 
activity is only a sequence of energy-reactions physically determined, 
the more empirical method of investigating biological problems 
advocated here has at least the advantage that it enables us to deal 
more readily with very complex phenomena by utilising the fact 
that we find certain natural groupings ready to hand. It may be, of 
course, that this method will afford only approximations to the 
truth, whereas a fuller and more accurate interpretation of life 
processes could be given by a complete physiological knowledge. 
But as there is at present no possibility of such a complete physio- 
logical knowledge, it may be legitimate and useful to employ more 
empirical data as the basis of a provisional hypothesis. 

The relation of this view of biological phenomena to the ordinary 
conception of structure and function is a simple one. At any moment 
in the organism’s life there is present a certain definite environmental 
configuration. This consists of a number of elements, some of which 
are primary (air, light, water and other organisms), and some 
secondary, i.e. having special qualities or dispositions resulting from 
the past activities of the organism in question. A structural character, 
such as a tracheid of a plant, is a group of secondary environmental 
factors that remain relatively constant during an appreciable period. 
The function of such a structure (in this case water-conduction) is a 
persistent type of energy-reaction in which those particular environ- 
mental factors are involved. As a somewhat different illustration, 
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in the case of a colony of ants, the various galleries, chambers, food 
stores, etc., in the nest, and also the cultures of aphides, fungi, etc, 
which the ants control are all persistent secondary environmental 
factors, and structural characters of the colony, regarded 

as a biological individual. It is possible, of course, to imagine a type 
of fluid organism exhibiting a very complex behaviour in relation 
to the outside world, but in which no obvious persistent environ- 
mental factors were recognisable. Fortunately for biological science, 
this is not so in most cases. 

One of the principal distinguishing characteristics of the organism 
regarded from any point of view is its individuality. From our 
standpoint, this is recognised by the fact that its activities are 
functionally integrated. By integration is not implied any physio- 
logical mechanism, but simply the observed fact that the organism 
behaves as a unity, as revealed by the existence of definite and 
constant types of correlation in various environmental changes. 
When for instance a plant is given a restricted water supply, it may 
check vegetative growth and hasten the process of flower and seed 
formation. This is a very complex phenomenon, involving the inter- 
action of several distinct trends of behaviour that permeate the 
whole organism. It can be explained most simply on the assumption 
that the various activities {i.e. the sequences of events which charac- 
terise the processes of growth and reproduction) are functionally 
integrated, and that the whole complex has the capacity of regulating 
the expenditure of the accumulated energy of the organism through 
various channels in different circumstances. 

Functional integration is moreover not confined to single organisms, 
but may also be an observed characteristic of the relation between 
different individuals. This is probably true, for instance, in certain 
cases of symbiosis, such as that between algae and fungi in lichens* 
Here also there is an observed co-ordinated behaviour in metabolism, 
growth, and asexual reproduction, in relation to a variety of external 
conditions. 

The integration of activity-systems, whether in the same or 
different individuals, is always associated with some kind of environ- 
mental-reaction^, but it is important to observe that the two phe- 
nomena are quite distinct. Two or more different organisms may 
interact physiologically, and even interpenetrate each other spatially, 

^ A generic term for any kind of energy-reaction associated with the life 
of the organism, including those which are interned or •physiological, and those 
which are external or economic. 
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without exhibiting any co-ordinated behaviour in relation to a variety 
of different circumstances. Parasitism affords one of the best illustra- 
tions* The parasite and the host simply modify each other’s environ- 
ment, just as two plants growing side by side may deprive each 
other of light or moisture. There are, however, many cases in which 
such accidental or non-co-ordinated reaction may be mutually 
beneficial, as for instance in some types of S5?mbiosis, In the relations 
between various orchids and the fungus Rhizoctonia, there has been 
found to be a continuous gradation from parasitism (harmful associ- 
ation) to symbiosis (benefifcial, and in some cases necessary associ- 
ation) according to virulence or biological type of Rhizoctonia with. 
which the host has been infected. This kind of S5nnbiosis does not 
imply functional integration. The same is true of the association of 
nitrifying bacteria with the roots of leguminous plants. These phe- 
nomena simply mean that in the course of evolution the host has 
developM a system of physiological economy, in relation to a 
particular type of primary environment in which a certain kind of 
fungus is a necessary factor. They are examples of mutual adaptation, 
not essentially different from that between various species in an 
ecological groups. 

There are, however, other complex and indubitable examples of 
functional integration in which the activities of different individuals 
are involved, as for instance in colonies of social insects. In this case 
also, integration of activities is accompanied by physiological re- 
actions, some of which are observed and others only presumptive 
{e.g. the existence of complex stimuli and inherited reflex nervous 
mechanisms), but it is not from such reactions that the unity of the 
colony is inferred. We recognise this unity by the way in which the 
instinctive acts of the different individual insects are co-ordinated 
in the many diverse circumstances that arise in the course of the 
colony’s life. In the development of human society there is a still 
more complex example, where the activities functionally integrated 
include both instinctive and intelligent behaviour. 

We have endeavoured to establish in the preceding discussion 
that functional integration is a unique biological phenomenon. In 
the individual organism the activities are always integrated; but in 
the relations between different individuals there may be environ- 

1 In some cases however one partner may "control” the other, as in certain 
inseci-hacieria associations where the female has special organs for infecting 
the ova. The fungus has in this case become incorporated in the secondary 
environment of the insect, and the reactions between them are only accidental 
so far as the fungus is concerned. 
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mental reactions with or without functional integration. It is 
possible of course to assume an ultimate physiological interpretation 
of even the most complex examples (such as insect colonies and 
human society). But such an assumption does not help us to under- 
stand the proximate significance of these various phenomena in 
development and evolution. On the other hand, to describe the 
latter in psychological terms fails to correlate them with the inferior 
activities of the organism with which they are intimately associated. 
From our standpoint, all cases of functional integration are qualita- 
tively similar and must be regarded as biological phenomena of one 
type, which may be defined in terms of the co-ordination of activity- 
systems here adopted. 

In the relations between different organisms there may, however, 
be a continuous gradation from the extreme cases of physiological 
reaction with no integration (parasitism or mutual adaptation), to 
the most highly integrated social groups. The various examples of 
colonial algae, polyps, etc., probably occupy an intermediate position. 
A simile will perhaps serve to make this important distinction 
clearer. The life of an organism, or of several associated organisms, 
may be compared with a skein of variously-coloured threads. Each 
thread represents an activity {i.e. some particular sequence of bio- 
logical events), while the cross-section of the whole skein represents 
the environmental reaction-complex at any moment. The degree of 
functional integration then becomes represented by the constancy 
in the relative position of the different threads towards each other 
at different positions in the skein. If it is found to consist of a single 
twisted bundle of threads, it represents a biological individual; if a 
number of separate interlacing bundles which nowhere run parallel 
for any appreciable distance, it represents different reacting indi- 
viduals the activities of which are not functionally integrated. 
There may of course be an indefinite number of intermediate cases. 

Conversely, there are markedly abnormal types of behaviour on 
the part of biological individuals that must be ascribed to the 
functional dissociation of stable activity-systems which have been 
built up in the course of evolution. As examples may be mentioned : 
cytological aberrations in particular organic tissues ; fcetal mon- 
strosities ; and the more complex cases of functional mental diseases 
in the higher animals and man. In some instances it may be possible 
to point out particular environmental factors as the proximate 
cause of the abnormality, but not in others. The interpretation in 
terms of functional dissociation is, however, applicable to all cases. 
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II. It is necessary now to investigate further the relation between 
the sequences of biological events which we have termed organic 
activities, and the energy-reactions with which they are invariably 
associated. Now whether the former are, or are not, capable of an 
ultimate interpretation in physiological terms, there is abundant 
evidence that they are always limited, by the intrinsic physical 
properties of the primary and secondary environment. In general 
terms it may be said that throughout development the organism is 
always conditioned by the persistence of certain physical equilibria 
between its various reactions. We shall deal first with the operation 
of limiting factors in the secondary environment. 

It is possible to ascertain some of the proximate secondary factors 
in somatic equilibrium owing to the persistence of certain types of 
reaction as “structure and function” through various periods of 
development, our present knowledge being most extensive in the 
case of adult organisms. The internal or physiological reactions 
always include some of the most important factors, which are also 
usually more fundamental from the phylogenetic point of view. The 
life of an adult mammal, for instance, is conditioned by the fact 
that it has acquired somehow, in .the course of individual and racial 
development, a type of internal economy involving the interaction 
of various structural characters such as the nervous, vascular and 
glandular systems that remain relatively constant during an appreci- 
able period. If any of these characters were changed, in some cases 
even in certain minute details {e.g. the chemical function of the 
erythrocytes), the animal would die unless there were at the same 
time some compensative readjustment in its physiological economy. 
The continued stability of the organism throughout ontogeny is 
dependent upon the fact that the changes which do take place in 
these physiologically important characters are mutually compensative 
in this respect. It must be carefully noted however, that these 
physical equilibria conditions do not actually determine the sequence 
of biological events, which must stiU be ascribed to a particular 
quality of the activity-system; they merely impose certain limita- 
tions within which possible sequences may occur^. 

In the higher types somatic equilibrium may be also largely con- 
ditioned by environmental reactions external to the body of the 
organism, as for instance by the efficiency of the various mechanical 

In the case of plants the proximate secondary environmental limiting 
factors are not so obvious, but they are present none the less; the function of 
the chloroplasts and the structure of the vascular system may be mentioned. 
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contrivances that insects construct for capturing and preserving 
food. The most complex example of all— human society — ^is charac- 
terised by the fact that this external economic machinery is of 
paramount importance, and upon its stability and efficiency the life 
of the majority of the members of a highly developed community 
is ultimately dependent. In all these cases, the persistence of the 
important structures and functions is due mainly to a particular 
series of instinctive and intelligent acts having followed each other 
in a definite order. There may indeed be a very large number of 
different types of physiological economy corresponding to different 
types of activity-systems, but in each case it is generally possible 
to discover certain stable reactions that are limiting factors in 
somatic equilibrium, and that can only vary within certain restricted 
limits without throwing the whole machinery of somatic life com- 
pletely out of gear, unless there are compensative readjustments in 
other parts of the organism. 

The character of the environmental reaction-complex is, however, 
also partly determined by the uncontrolled primary environment. 
And as this is a variable factor the maintenance of a stable and 
efficient organism necessitates a certain elasticity in the inherited 
sequence of events. This capacity for somatic readjustment with 
respect to variations in the primary environment is generally referred 
to as “functional adaptation," although the term "somatic equi- 
libration " is perhaps a less contentious one. In the simplest cases, 
such as the compensative readjustments between root-absorption 
and transpiration in plants, or between the amount of assimilatory 
tissue in the leaves and the intensity of sunlight, the reactions 
involved are internal and physiological. The same is true of the 
slightly more complex example of the compensative hypertrophy 
of various glands in the bodies of animals when others known or 
presumed to have a similar function have undergone excision or 
atrophy. There are, however, in the higher types examples of onto- 
genetic readjustments, the mechanism of which is not so obviously 
physiological, as in the slight variations in the instinctive behaviour 
of insects conditioned by inconstant external factors, or in the most 
complex example of all, the intelligent acts of the higher animals 
and man. Another very specialised type of functional adaptation 
that cannot be discussed here is the non-rational changes in social 
conduct that are characteristic of the progressive development of 
human society, and which affect so profoundly the economic structure 
of the group. 
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Here again we are dealing with biological phenomena of one type. 
It serves no useful purpose to attribute the simpler cases of functional 
adaptation to the direct physiological effect of physical conditions 
upon the organism, as we cannot at present interpret the normal 
process of development in physiological terms. All that we are 
entitled to say on empirical biological grounds is that the limiting 
environmental factors having changed, the type of reaction-complex 
conforming to somatic equilibrimn has also changed, but the actual 
observed sequence of events still remains an intrinsic property of the 
organism. In the most complex examples, there is, moreover, some 
evidence that somatic readjustments may take place independently 
of changes in the primary environment. 

III. Let us now consider the bearing of the foregoing discussions 
on the problem of racial development. All evolutionary theories 
recognise that variations are transmitted through the medium of 
the germinal cycle in normal inheritance, but they differ in their 
explanation of how germinal variations originate. There are two 
main divergent points of view on this subject: (i) the Lamarckian 
theory of functional inheritance; (2) theories which rest upon the 
assumption that germinal variations are spontaneous, i.e. not in any 
way conditioned by the course of events in the rest of the organism. 
We shall consider first certain aspects of the second hypothesis. 

Spontaneous variations are frequently classed as continuous and 
discontinuous, but a much more important difference is between 
those which are fortuitous, or individual in character, and determinate 
variations which are generally attributed to a specific property of 
the germ-plasm. The Darwinian theory, which ascribes specific 
divergence to a differential extinction of individuals in the struggle 
for existence, is equally applicable to minute continuous variations 
and to sporadic individual mutations of larger extent if they are 
hereditarily transmissible. It has been shown, however, by genetic 
experiments that the observed individual fluctuations which formed 
the original inductive basis of this theory are incapable of hereditary 
transmission, and therefore of having any cumulative effect upon 
specific type. The normal phenomena of heredity seem, moreover, 
to imply the existence of some stabilising factor in the germinal 
cycle which does not generally permit any serious modification in the 
properties of the cell. Whether this factor is regarded as an intrinsic 
‘'chemical stability" on the part of the germinal complex, or a 
particular “quality" of the activity of cell-division, it does not seem 
very consistent with the view that any and every property of the 
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cell is indefinitely variable. There is evidently a certain elasticity in 
the hereditary type which permits fluctuations within certain limits 
in successive generations without impairing the organism’s capacity 
for reverting to a normal equilibrium position. These fluctuations 
are generally environmentally conditioned, but there is no necessity 
for assuming that this is always the case. 

In the case of determinate variations however, since they are 
specific and not individual phenomena, the extinction of individuals 
will have no evolutionary importance, and natural selection will act 
only as an eliminatory factor in the reactions between different 
species. This will be equally true whether the variations in question 
are relatively large mutations which affect several characters simul- 
taneously, the smaller “parvigrade” mutations confined to a single 
character, or the minute cumulative changes known as orthogenesis. 
The effect of hybridisation as an evolutionary factor (by effecting 
various combinations of different characters in bisexual inheritance) 
will also be obviously unimportant in the case of variations of this 
class. 

We shall proceed to a criticism of the theory of determinate 
variation on more general grounds. Now so long as we regard the 
organisih as a kind of static aggregate of characters corresponding 
to a geometrical pattern of factors in the germ-cell, it is of course 
possible to postulate that for every change in the germinal complex 
there will be a corresponding change in the somatic complex. This 
view has been elaborated by means of a chemical analogy in the 
“nucleus and side-chain ’’ theory of germinal structure, corresponding 
respectively to the more stable ordinal and generic characters in the 
organism, and the less stable specific and varietal ones. It is sup- 
ported also by an appeal to alleged correlations in the morphological 
structure of the germ-cell and the soma as revealed by cytological 
and genetic analysis, e.g. sex-characters and sex-chromosomes. But 
as we have seen, morphological characters are only symbols of 
persistent reactions peculiar to a particular type of physiological 
economy. The germ-cell has the dual fimction of initiating two distinct 
series of events — the germinal and somatic cycles — and it is the 
relation between these two series, and not between the geometrical 
configuration of the germ-cell and the soma at particular stages of 
development, that is of real importance. 

We have also seen that somatic development is always conditioned 
by the persistence of certain physical equilibria throughout ontogeny. 
The organism inherits somehow a particular type of physiological 
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economy, but whether it is workable or non-workable, efficient or 
inefficient, is mainly a physical property of the type itself. The same 
is true of the more restricted germinal cycle (in relation to its somatic 
environment). We know very little, it is true, about the proximate 
factors in germinal equilibrium which must be maintained in the 
succession of cell-divisions^ along the germ-track, if a new germ -cell 
is to be produced. But we may presume that it implies a certain 
co-ordination of physiological reactions between the various complex 
proteins, lipoids, nucleic acids, etc., of the chromosomes and the 
cytoplasm of the cell. The germ-cell has its own particular type of 
physiological economy, and any variation in this type must conform 
in the first place to the necessities of germinal equilibrium. Whether 
such a variation is initiated by external or internal factors, it must 
be conceived primarily as a co-ordinated readjustment of these 
various reactions, and not as a mechanical rearrangement of some 
structural complex. That such spontaneous changes are possible may 
be presumed from an analogy with the similar readjustments that 
frequently occur in somatic life. Germinal variations must indeed 
be regarded as a kind of functional adaptation in the germinal cycle®. 

A successful variation must however not only conform to the 
necessities of germinal equilibrium, it must also result in a stable 
and efficient soma. We have already discussed some of the proximate 
factors in somatic equilibrium, which are extremely specialised and 
intricately co-ordinated in many of the higher organisms. Many of 
tliem are so elaborate that a serious modification of any single factor 
(for example the chemical composition of the duodenal hormones, 
the function of the erythrocytes, or the character of the neural 
linkages that form the presumptive bases of the primary instincts) 
would require a profound alteration in the whole economy of the 
organism if equilibrium were to be maintained. 

If, therefore, as the mutationists suppose, the germinal and 
somatic cycles are functionally independent, is there any justification 
for assuming that a germinal readjustment conditioned only by the 
equilibrium requirements of the germinal cycle would also conform 
to the necessities of somatic equilibrium? There is no reason for 
such an assumption, for the types of physiological economy which 

^ Including of course the meiotic divisions which usually occur at or near 
the end of the germinal cycle except in the case of haploid plants. 

* This view is quite consistent with the discontinuous character of somatic 
morphological changes, and we believe not inconsistent with the quantitative 
aspect of these phenomena revealed by the experimental study of bisexual 
inheritance. 
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characterise the germ-cell and the soma are manifestly quite different. 
The postulation of parallel degrees of stability in germinal and 
somatic morphological characters is of no value whatever in this 
connection. What is implied by the theory of spontaneous variation 
is that those physiological reactions which are the most important 
factors in the equilibrium of the germ-cell, and therefore presumably 
the most stable, are always correlated with the most important and 
stable somatic structures and functions; or, to put it in a different way, 
that any changes in the germinal physiological reaction-complex which 
are mutually adjusted with respect to the functioning of the cell, 
and which affect the more important somatic characters, will do so 
in a way that is also mutually compensative with respect to somatic 
function. If the germinal and somatic cycles are functionally inde- 
pendent the probability of this happening in any single instance is 
very small; that such a parallelism would be maintained through a 
long succession of spontaneous germinal variations is too remote to 
be worth consideration. 

A single unfavourable mutation, if sufficiently large, would at 
once give rise to a non-viable type, and if a truly specific and not an 
accidental individual phenomenon, would lead to the ultimate ex- 
tinction of the species. The same result would occur sooner or later 
through an unfavourable combination of smaller mutations or a 
series of minute harmful changes in the same direction. The advocates 
of orthogenesis have indeed frankly admitted such a possibility, as 
for instance Duerden's suggestion that there is a progressive diminu- 
tion in the toes of the African ostrich, which will lead to its ultimate 
extinction. A similar progressive change in a more vital organ, such 
as the cardiac valves, unless correlated with other compensative 
variations in the structure of the heart and the circulatory system, 
would attain the same result much more speedily. But, as we have 
seen, if germinal changes are spontaneous, there is no -reason why 
they should be mutually compensative in relation to somatic func- 
tion. There is, of course, the possibility that the soma itself is capable 
of effecting some readjustment during ontogeny; but this must 
necessarily be very limited or otherwise the facts of heredity would 
be meaningless. 

We have endeavoured to show in the above discussion that the 
continued hereditary transmission of the physiologically important 
structures and functions through long phylogenies implies that there 
is some kind of functional interaction between the germinal and 
somatic cycles as a result of which germinal changes, at least such 
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as affeet these characters, are limited and co-ordinated in relation to 
the physiological necessities of somatic equilibrium. Variation must 
therefore, in this respect, be regarded as a function not of the germ- 
cell, but of the whole organism. 

The above argument refers primarily to determinate specific 
variations and is admittedly not so cogent in the case of sporadic 
individual mutations; for if the latter were small and fortuitous 
there may be sufficient latitude for readjustment during ontogeny, 
and the unfavourable combinations would be eliminated by individual 
extinction. But fortuitous variations, whether continuous or dis- 
continuous, will not account for the evolution of complex functional 
mechanisms which involve the co-ordinated interaction of several 
different structural characters without the arbitrary postulation of 
various correlations that virtually deprive them of their fortuitous 
character. As we shall subsequently see, such sporadic mutations 
unquestionably do occur, but they are not very important factors 
in evolution. 

IV. If, therefore, germinal variations are in some way somatically 
conditioned, it should be possible to learn something of the nature 
of this conditioning process. The Lamarckian theory of functional 
inheritance is an attempt in this direction, but its application is 
obviously restricted to heritable characters for which it is possible 
to assume an antecedent somatic origin. We shall endeavour to 
show however, that there is a more general relation between the 
somatic and germinal cycles, of which alleged instances of functional 
inheritance are only special cases. 

It has been previously noted that different hereditary types are 
not all equally efficient from the physiological point of view. Let 
us proceed therefore to examine if germinal variations are in any 
way correlated with physiological efficiency. Now efficiency can be 
defined most exactly in terms of energy. The organism is continuously 
or periodically assimilating energy from the primary environment. 
Some of this energy may be conserved for a while in the secondary 
environment, e.g. as the internal reserve food material of plants, as 
the energy of the nervous system available for complex psychical 
activities, or as the external food stores accumulated by the instinctive 
and intelhgent behaviour of the higher animals. Eventually, however, 
it is all dissipated in the various environmental reactions associated 
with the different organic activities. The relative efficiency of 
different types is the ratio of the energy assimilated to that expended 
in the process of assimilation. This definition is applicable to all 
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cases from the simplest unicellular plants and animals to the most 
complex associations of different individuals. 

As a practical criterion however, this standard is of very little 
value, as the way in which the surplus energy is expended varies 
enormously in different types. It is necessary therefore, to have 
recourse to more proximate tests and to confine comparisons within 
certain restricted limits in which the type is relatively constant. 
Particular groups of structures and functions that are physiologically 
important and have a long phylogenetic history are most convenient 
for this purpose. 

Now this test can be applied in two ways — ^by an indirect com- 
parison of general types in any presumptive line of phylogenetic 
descent, or by attempting to ascertain directly the effect of observed 
mutations on somatic function. So far as the first method is con- 
cerned, there is the obvious difficulty that we have nowhere any 
exact knowledge of the phylogeny of existing species, and so must 
be dependent for the most part upon the comparison of different 
collateral types. Paleontological data are of value only in comparing 
anatomical characters, the functions of which are known in living 
forms. Within the limits we have stated, there is, however, marked 
evidence of a progressive increase in physiological efficiency in the 
course of phylogenetic development, as may be illustrated by the 
evolution of: (i) the photo-assimilatory apparatus of green plants; 
(2) the vascular system of pteridophytes; (3) the' circulatory and 
respiratory system of vertebrates; (4) the nervous system of mam- 
mals ; (5) the social organisation of hymenopterous insects. 

The progressive increase in the efficiency of these physiologically 
important characters implies, even more than thdr observed stability, 
that germinal variations affecting them are mutually compensative 
with respect to somatic function. This may arise as the result of 
large mutations affecting several characters being internally com- 
pensated, or as the result of parallel smaller mutations being gradu- 
ally compensated with respect to average somatic conditions. 

When however we proceed to examine the various kinds of dis- 
continuous variations of which we have actual experience, there is 
very little evidence that they generally have any favourable effect 
upon the physiological efficiency of the organism, or that they are 
in any way mutually compensative. On the other hand, the great 
majority of observed mutations, especially those which occur under 
experimental conditions, are confined to single physiologically unim- 
portant characters. Thus among plants we not infrequently observe 
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small mutations which affect: the colour of the petals; the number 
of petals, sepals and bracts; the presence or absence of external 
hairs on leaves and stem, of awns on the glumes of grasses; the 
shape of the leaf; the amount of anthocyanin pigment present; and 
many presumptive wild mutations of a similar kind which have been 
held to account for varietal differences. In animals may be mentioned 
mutations which affect : the colour of the hair and the colour-pattern ; 
the colour and shape of the feathers in birds; the shape of the comb 
in domestic fowls; the size and proportion of the skeleton; the 
presence or absence of horns in cattle; eye and body colour in 
Drosophila; the colour and size of the shells of gasteropods, and the 
occasional appearance of sinistral varieties in normally dextral 
forms; the artificially induced mutations in the colour markings of 
Chrysomelid beetles observed by Tower. There are many presumptive 
mutations of the same kind, such as the enormous variety in the 
spicules of sponges and in the tests of Radiolaria. In some cases, 
variations of this class may affect several different superficial 
characters simultaneously. 

In the case of domesticated plants and animals indeed, the 
physiologically less important characters become apparently plastic 
and may vary enormously in even the same species- On the other 
hand, those structures and functions which are important proximate 
factors in somatic equilibrium, such as the mechanism of the nervous, 
circulatory and digestive systems, generally have a long phylogenetic 
history, and by no process of artificial selection can they be changed 
appreciably^. 

There do, however, occasionally occur marked single mutations 
in the stable and physiologically important characters and these are 
nearly always harmful, if not actually non- viable or incapable of 
hereditary transmission. In plants may be mentioned: sterile anthers; 
petaloidy in flowers; the absence of chlorophyll; also many of the 
CEnothera mutations which are associated with changes in the 
number of chromosomes. In animals: inherited sterility; albinism; 
the absence of tlie coagulating function of the blood; congenital 
structural defects in the eye, the heart, the thyroid gland; brachy- 
dactyly and other inherited deformities; congenital mental diseases, 

^ I. a. rendered more efficient or changed in type. Pathological variations of 
the kind next considered may of course be selected. There is also the possibility 
that tlie prolonged exposure of a species to domesticated conditions by 
wholly altering the conditions of energy-assimilation (like parasitism) may 
itself result in a new position of somatic equilibrium in the manner subsequently 
discussed. 
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It is probable that we are really dealing here with three distinct 
classes of phenomena: 

(<2) individual mutations affecting the less important 

characters. These are not apparently related in any way to the 
efficiency of organic functions, and must be regarded as more or less 
autonomous hereditary changes in subordinate physiological pro- 
cesses that are not important factors in somatic equilibrium. They 
probably account for the majority of the differences between 
domesticated varieties. 

(b) Truly specific mutations. These also affect only the physio- 
logically less important characters, but they are determinate and 
occur sooner or later in all members of the species, if conditions 
remain unchanged. They are often co-ordinated and may affect 
several characters simultaneously, but they may be individu- 
ally not distinguishable from the first class. Variations of this 
type are mainly responsible for the observed morphological differ- 
entiation of natural species, and their origin will be discussed 
later. 

(c) Sporadic individual variations affecting the physiologically 
important characters and which are always harmful. These are 
sudden changes in stable structures and functions that have a long 
phylogenetic history, such as the mechanism of vision, or the func- 
tions of the blood. They are essentially abnormal phenomena equi- 
valent to foetal monstrosities in somatic development. 

Now so far as the individual mutations are concerned, they will 
be subject to the operation of natural selection in the Darwinian 
sense. It is probable that many of the superficial specific adaptations 
to special environmental conditions, such as protective coloration 
and complicated floral mechanisms in relation to insect pollination, 
have arisen in this way. 

On the other hand, the second class of variations which are truly 
specific, and not fortuitous, will be incapable of individual selection, 
and will presumably occur sooner or later in all members of the 
species if environmental conditions remain unchanged. But as we 
have seen that observed mutations of this type do not generally 
affect the physiologically important diaxacters, we have still to 
determine the type of variation which is responsible for the pro- 
gressive increase in the efficiency of organic functions in the course 
of evolution. The probability is, that this is due to similar specific 
mutations, each so minute as to be non-recognisable individually, 
but cumulative and mutually compensative. There is no evidence 
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whatever of large mutations that give rise at a single step to new 
and efficient types of physiological economy. 

What therefore is the relation between these two distinct classes 
of specific variations? It is suggested that the relatively large and 
discontinuous changes in superficial characters may have little or no 
evolutionary significance in themselves, but that they are correlated 
with the minute progressive changes in the more stable organic 
functions. As an illustration, may be mentioned the effects of slight 
changes in the amount or composition of the internal glandular 
secretions upon the morphological structure of animals, a factor 
which Keith considers to have been verjamportant in the differentia- 
tion of the human species. It is possible of couise that such correlated 
variations may, in some cases, be themselves of the orthogen etic 
type. 

To recapitulate, there are four main classes of heritable variation : 

(1) Minute cumulative changes in the more stable organic func- 
tions which are mutually compensative and tend generally to increase 
the efficiency of the organism, as an energy-system. 

(2) Correlated with the former are variations in the physio- 
logically less important characters, often relatively large and dis- 
continuous, which account chiefly for morphological differentiation 
in allied species and genera. 

(3) Sporadic individual mutations affecting unimportant char- 
acters. These may be selected and so give rise to specific adaptations 
and domestic varieties. 

(4) Abnormal sporadic variations in important and phylo- 
genetically stable characters which are always harmful and generally 
eliminated by natural selection. 

Variations of the first class must be regarded as by far the most 
important factor in evolution, since they set the physiological type 
and maintain its stability. They play the same r6Ie in phylogeny 
that functional adaptation plays in a single life. The primary environ- 
ment is in both cases very important, but whereas functional 
adaptations are compensative readjustments with respect to ephe- 
meral changes in. external conditions, the trend of germinal variation 
can be influenced only by changes in average conditions that persist 
for a considerable period and so permanently modify the con- 
ditioning factors in organic equilibrium. The rate at which such 
specific readjustments can be effected must, however, be regarded 
as a property of the type; consequently when external conditions 
change too rapidly, a phylogenetic readjustment may become im- 
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possible and extinction will follow. There are abundant paleonto- 
logical examples of this phenomenon, the general hiatus in many 
phyla at the end of the Cretaceous period being the most marked^. 

It may sometimes happen that a trend of variation conditioned 
by some persistent ‘environmental change results in an effect mor- 
phologically identical with that produced by functional adaptation 
in the same circumstances, as for instance in some of the ecological 
adaptations of desert plants. But in general the two processes must 
be regarded as analogous rather than interdependent or identical. 
In any case, it is only where functional changes affect the major 
factors in somatic equilibrium that they can produce results morpho- 
logically identical with those due to the more fundamental germinal 
variations. The Lamarckian theory on the other hand is generally 
used indiscriminately to account for the origin of even such superficial 
characters as callosities on the skin, i.e. precisely those where 

sporadic mutation is the most prevalent 2. 

As however we have seen that the higher types of functional 
adaptation involve compensative readjustments which are apparently 
independent of environmental changes, so the increase in efficiency 
in phylogenetic evolution must be regarded as an intrinsic property 
of the organism, and the environment as only a limiting factor. 

V. We must now consider if it is possible to discover any general 
biological interpretation of these facts. It is suggested that they 
can be satisfactorily and consistently explained in terms of the 
activity-theory of the organism discussed at the beginning of this 
paper. From this point of view the succession of generations con- 
stitutes a periodic sequence of events, in which there are recognisable 
recurrent phases. The sequence is not however a simple one, and can 
be resolved into a number of associated subordinate series that we 
have termed activities. The germinal and somatic cycles are two 
. primary associated activity-systems. 

It is, as we have seen, characteristic of the biological individual 
that its constituent activities are functionally integrated. This 
phenomenon of integration applies to the relation between the 
germinal and somatic cycles, no less than to the various activities 
which take part in somatic development. The way in which germinal 

^ A change in average conditions for any particular species may of course 
also result from the development of a particular character in some other 
species. 

2 The indirect evidence in favour of functional inheritance, such as the 
phenomena of Recapitulation, is equally consistent with the view discussed 
here. 


12—3 


i8o 


C. W. SOAL 


variations are conditioned by the course of events in the somatic 
cycle must be referred to this integration of activities. We have 
seen that even so far as normal ontogeny is concerned, it is not 
possible at present to give any interpretation of the mechanism of 
functional integration in either physiological or 'psychological terms 
that is applicable to all cases. It must simply be accepted as a 
postulate of empirical biology that describes most satisfactorily the 
manner in which environmental changes are observed to be constantly 
correlated in the development of different types of organism. In the 
same way we are not concerned with the physiological or other 
mechanism of the functional interaction between the germinal and 
somatic cycles. The organism is a unity of which they are both 
integral parts. 

We have seen however, that in the reactions between different 
individuals there are various degrees of functional co-ordination, as 
for instance in the different types of symbiosis previously discussed. 
So also in the same organism the various activities are not aU 
integrated in an equal degree. To use a modification of the previous 
simile, we may compare an individual life to a twisted cord that has 
been partially unravelled leaving a central intact bundle of strands 
surrounded by detached fibres and broken fragments. The central 
strands represent the nucleus of highly-integrated activities, which 
incorporate those reactions associated with the more stable structures 
and functions; the detached fibres are marginal activities corre- 
sponding to subordinate physiological processes ; while the broken 
fragments represent sporadic and ephemeral leactions, which, while 
forming part of the whole reaction-complex at any moment (the 
cross-section of the cord), are not co-ordinated in any definite 
sequence in the course of development. 

Variation must be regarded from this point of view as a periodic 
change in the normal sequence .of events. It may originate in some 
new environmental factor, or it may not; but in any case the con- 
tinued stability of the organism is dependent upon the persistent 
co-ordination of the subordinate activities throughout ontogeny. 
Hence variations affecting activities that are highly integrated will 
be co-ordinated and their corresponding reactions mutually com- 
pensative; where the activities affected are marginal, variations will 
be more autonomous and the corresponding reaction-changes appar- 
ently fortuitous. Sporadic and ephemeral reactions which are quite 
uncoordinated may vary indefinitely without being accompanied by 
any compensative readjustments in either individual or racial 



Variation as an Orgatdc Function i8i 

development. Finally, there are occasional cases of functional dis- 
sociation of the more stable activity-systems that may give rise to 
abnormal and retrogressive types. 

The process of phylogenetic evolution is not, however, analogous 
to an unravelling of the strands of a cord, but proceeds in the reverse 
direction. In the succession of generations the organism is constantly 
experiencing new reactions that are not a normal feature of somatic 
development. These may have an obvious external origin, such as 
many of the accidental and inconstant bodUy movements of plants, 
or they may arise as abnormal fluctuations in internal physiological 
processes. In the higher types, fortuitous muscular movements of 
the various organs are also included. Our theory implies that these 
sporadic and ephemeral reactions become progressively co-ordinated 
into definite sequences or activities, which in turn become integrated 
with the more focal activity-systems. This co-ordination does not 
however take place fortuitously, but as a definite selective synthesis 
conditioned at each step by the physical limitations of the environ- 
mental factors involved^. 

Let us consider in illustration the evolution of a complex type of 
instinctive behaviour, such as that of various species of solitary 
wasp, which capture caterpillars, paralyse them by a sting in the 
cerebral ganglion, and then immure them in their mud cells as a 
source of food material for their own larvae, when the latter have 
hatched from the egg. We shall assume to begin with that the insect 
has already acquired a capacity for co-ordinated bodily movements 
of various kinds, and that in the course of its life such movements 
constantly occur in relation to a variety of external circumstances^. 
When the instinct has been perfected, a particular group of bodily 
movements has become co-ordinated in a definite sequence in relation 
to a particular set of conditions. The question we have to consider 
is how this co-ordination has been achieved. From the Darwinian 
standpoint chance movements are presumed to become co-ordinated 
in relation to chance stimuli in any direction (as a result of fortuitous 
inherited linkages in the nervous system), and the final combination 
is attained by the elimination of less efficient combinations through 
differential individual extinction in the struggle for existence. The 

^ This is of course a proximate interpretation consistent with the method 
of analysis we have adopted ; it does not however preclude the possibility of 
an ultimate physiological interpretation of the same facts if they can be 
analysed completely in a different way, 

^ This implies of course that a complex type of behaviour has been already 
evolved. 
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mutationist view, at least in its crudest form, would postulate that 
a specific germinal variation or a succession of such variations hap- 
pened to give rise to the neural linkages requisite for the perfected 
instinct. The Lamarckian interpretation on the other hand, if applied 
to this case, would assume that the co-ordination was first perfected 
by trial and error during somatic life and the efficient combination 
then gradually stabilised in inheritance. This however would imply 
the pre-existence of a type of functional adaptation (intelligent 
behaviour) of which there is no evidence at this stage of evolution. 
The interpretation we adopt when expressed in ordinary biological 
terms is essentially a combination of the mutationist and Lamarckian 
theories. We postulate a selective synthesis from sporadic bodily 
movements which is neither germinal nor somatic, but organismal 
in character. The stable and efficient organic function in question 
has resulted from a series of steps which, while truly specific and 
appearing first as inherited variations, yet represent each a definite 
reaction on the part of the whole organism in relation to a particular 
set of environmental conditions. According to this view, if the suc- 
cession of generations in the phylogeny of any particular species of 
wasp could be telescoped in the manner of a cinematograph film, we 
should simply observe a progressive perfection of the mechanism of 
muscular co-ordination somewhat analogous to that observed in the 
acquisition of a complex habit. The particular bodily movements 
which have been selected and synthesised in this way constitute a 
new organic activity. In its earlier stages the new type of behaviour 
will vary sporadically, but as it becomes progressively integrated 
with the more focal activity-systems it wiU become more stable. On 
the other hand, those bodily movements which have not been co- 
ordinated into definite sequences may still take place, but they will 
remain fortuitous and indefinitely variable i. 

There are, however, in different species of wasp considerable 
modifications of this particular type of instinct relative to the kind 
of prey, the method of capture, and the manner in which it is dragged 
to the nest of the insect, which clearly represent divergent trends of 
racial evolution. But there are reasons, based upon a comparative 
study of different species and other grounds, for believing that these 
various specialised types of instinct were all preceded phylogenetically 

^ Tliis example has been chosen for simplicity because the phenomena are 
largely external and tlierefore more capable of observation. The internal 
bodily characters of plants and animals we presume to be evolved in the same 
way, tlie only difference being that the sporadic reactions which become 
co-ordinated are of another land. 
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by a more generalised type in which the ova were deposited indis- 
criminately in the bodies of many different kinds of prey, and that 
no attempt at concealment was originally made. We may further 
presume that the process of immuring the captured larva or other 
animal developed next in order, and that the various methods of 
effecting this operation are of subsequent growth. To understand 
the origin and significance of these specific divergences, each of which 
presumably implies a progressive increase in efficiency in its own 
particular phylogeny, we must again refer to the effect of environ- 
mental limiting factors on organic equilibrium. In this particular 
case the limiting factors are mainly the anatomical structure of the 
insect previously evolved, and the character of the prey with which 
it deals. For a particular type of insect and a particular kind of 
prey there are, we assume, only a restricted number of different 
types of co-ordinated muscular actions by which the operation in 
question can be efficiently performed. These different systems may 
not be equally efficient, but each is complete in itself and their 
constituent elements are not mutually interchangeable. There is 
probably, however, some major determining factor, such as whether 
the prey is pushed before or dragged after the insect, which sets the 
type in each case, and which becomes established at an early stage 
in the evolution of the instinct. In other words, once a particular 
group of bodily movements have become co-ordinated to a certain 
degree (and therefore acquired a certain phylogenetic stability), the 
line along which a further increase in the efficiency of the process is 
possible is more or less physically determined. But the actual 
increased efficiency along this line is stiff of course an intrinsic 
property of the organism. All the specialised specific types originated 
in a generalised type where the movements were much more diverse 
and sporadic, and the factors which determined in the first instance 
what particular group became the nucleus of the new line of develop- 
ment, may have been some chance difference in local conditions^. 

This principle of environmental limiting factors is a very important 
one and is applicable to the whole field of phylogenetic evolution. 
A particular type of physiological economy becomes more efficient 
up to a certain point as the result of a succession of co-ordinated 
germinal changes, but a condition may be reached eventually in 
which little further improvement is possible on the same lines, and 

1 We do not preclude the possibility that some of the minor details of the 
various instinctive types may have arisen by the effect of natural selection 
upon sporadic variations in characters OiOt have not yet become stabilised. 
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the only subsequent variations will be sporadic and adaptational. 
The continued existence of representatives of archaic forms, such as 
unicellular algae and protozoa, liverworts, mosses, sponges, corals, 
etc., must be ascribed to this fact. It is important to note that from 
our point of view the relative jfbdty of these forms, which may be 
compared to truncated lateral branches in the evolutionary tree, is 
not due to any peculiar quality of the germ-plasm, but is an intrinsic 
physical limitation imposed by the type of physiological economy 
they have developed. A marked further increase in efficiency could 
only result from some fundamental change in organisation, which is 
inhibited by the essential stability of the more important structures 
and functions. They may however still undergo considerable changes 
in relation to environmental conditions, while retaining the same 
general type. The divergent trends of variation that have led to the 
more efficient t5q)es must therefore have been initiated in less 
specialised forms. The inferior stable types are those which failed to 
take the right turning at some critical period in their phylogenetic 
history, when a deflection of the energy of the organism into alter- 
native channels was possible. 

From the biological standpoint, the evolution of the higher 
animals is characterised, as we have seen, by the synthesis of sporadic 
and ephemeral reactions with the primary environment into complex 
activities, which in turn become further integrated with the more 
stable activity-system of the organism, subject of course at each step 
to the limitations imposed by the environmental factors involved. 
In the higher types a modification of instinctive or intelligent 
behaviour is one of the most powerful means of increasing physio- 
logical efficiency, and it also permits the further integration of the 
whole activity-systems of different individuals into the still more 
efficient social groups. 

From the energy standpoint, this process of progressive integration 
is represented by an increasing complexity in the secondary environ- 
ment of the organism. In plants the energy-reactions which are 
co-ordinated in somatic development are practically all internal or 
physiological in character. The higher animal types on the other 
hand have acquired a capacity, as it were, for reaching out into the 
primary environment far beyond the limits of their morphological 
bodies, and progressively incorporating diverse external reactions 
within the sphere of their economic system. This “external physi- 
ology'" is very varied. In its simplest form it is represented by 
various supplementary mechanical devices, such as cells, nests, etc.. 
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usually associated with the self-preservative or reproductive instincts. 
At a higher stage it includes the complex external economic machinery 
of insect colonies which often incoiporates within itself the physi- 
ological reactions of different species of organism. On a different 
line of evolution is the progressively increased capacity for functional 
adaptation during somatic life which begins with the power of 
external movement, thus making the organism less dependent upon 
the primary environment, and finds its highest expression in 
intelligent behaviour. 

All these various examples are essentially so many different ways 
in which simple types of organism have been rendered more efficient, 
either by an increased power of selection with respect to their re- 
actions with the outside world, or by the superaddition of some 
external economic machinery to the internal physiological mechanism 
previously evolved. 

MERISTEMATIC TISSUES AND PROTEIN 
ISO-ELECTRIC POINTS 

By W. H. PEARSALL and J. H. PRIESTLEY 
Introduction 

I N some recent studies of the development of cork within the 
plant an attempt has been made to give a causal interpretation 
of the appearance of this tissue. There is one aspect of the 
whole problem which is neglected in both these communications, 
but which is really fundamental in dealing with the development 
of meristematic tissues. This aspect it is desired to consider in the 
present note. 

Cork usually arises in fully differentiated and vacuolated paren- 
ch3miatous tissue as the result of the appearance of a meristematic 
phellogen. Both this meristem and the cells formed from it are 
often completely filled with protoplasm and always much less highly 
vacuolated than most tissue cells. The transformation of tissues from 
a vacuolated, non-dividing condition into non-vacuolated, or only 
slightly vacuolated meristematic cells is characteristic not only of 
phellogen formation but also of the extension of vascular cambium 
across the ground tissue bordering the vascular bundles. In either 
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case the first sign of meristematic activity — as seen under the 
microscope— is that aggregates of protoplasm appear in the originally 
vacuolated cells, and from these aggregates new non-vacuolated or 
only slightly vacuolated cells are cut off. 

Cylinders of meristem such as the vascular cambium and the 
cork phellogen are characteristic features of Dicotyledon anatomy, 
and in order to understand the causal machinery concerned in their 
production it would seem essential to know how the original dense 
aggregation of protoplasm in the vacuolated cell is brought about; 
and to determine the conditions necessary for its maintenance. The 
phenomenon recalls the precipitation of protein from a sol, or the 
contraction of a protein gel with loss of water. These are processes 
upon which a considerable amount of light has been thrown by 
recent investigations in physical chemistry. The object of this note 
is to show that the appearance of these meristems seems to be 
correlated with a gradient of hydrogen-ion concentration in the 
tissues in which they arise and that in the light of recent physico- 
chemical investigation this fact may have very great significance. 

The Gradient of Hydrogen-ion Concentration across a 
CambialZone 

Many writers have observed (see Atkins (i)) that it is now possible 
to obtain a rough idea of the reaction (hydrogen-ion concentration) 
of plant tissues by employing the modem range of indicators (5) in 
contact with sections of fresh material. When the tissues near an 
active cork cambium are examined in this way, the newly-formed 
cork cells are found to be extremely acid in reaction, approximately 
pH 3*0, this being due apparently to the fatty acids liberated from 
the rapidly differentiating cork cells (Priestley and Woffenden (9)), 
On the other hand, within the phellogen, the cortical layers of paren- 
chyma have normally a reaction between pH 5*5 and 6-5. Hence 
the carabial layer lies across a fairly steep gradient of hydrogen-ion 
concentration. 

In the case of the cambium of normal vascular tissues the con- 
dition is somewhat different. Atkins has recently stated (i) and we 
have frequently observed, that the reaction of the xylem is relatively 
acid (pH 4*3 to 5-0), whilst, as Sachs pointed out many years ago (ii), 
the phloem is relatively the most alkaline tissue in the plant and 
may frequently be alkaline to litmus (pH 7-8 or more). It is therefore 
a striking fact, and one worthy of much further investigation, that 
each of the two cambial meristems of the normal Dicotyledon lies 



Meristematic Tissues and Protein Iso-electric Points 187 

across a marked gradient of hydrogen-ion concentration, but that 
the gradients run in opposite directions and differ markedly in 
range. Any attempt to elucidate the significance of this fact necessi- 
tates some discussion of recent work upon the colloid chemistry of 
the proteins. 

The Iso-electric Point of a Protein 
Colloidal systems dispersed in water frequently bear an electric 
charge and, as a result, if an electric current is passed through the 
solution, the charged particles migrate slowly to the oppositely 
charged electrode, a phenomenon known as electro-cataphoresis (see 
Burton (4)). It has long been known that the electric charge upon 
the dispersed particles varies with the reaction of the dispersal 
medium, and also that there is one reaction of the medium at which 
the colloid will behave as if uncharged. This reaction Hardy (6) has 
termed the iso-electric point. Loeb (7) has developed further the 
significance of this fluctuating electric charge in certain types of 
colloids, and as a result of his work it is evident that for proteins, 
at least, the position of the iso-electric point is one of the most 
significant properties of the pure substance. Proteins may behave 
either as acids or as bases, in virtue of the carboxyl ( — COOH) and 
amino (NHg — ) linkages of their constituent amino-acids. Loeb has 
shown that if a pure protein is dispersed in a medium containing 
electrolytes, which is more acid than its iso-electric point, then the 
protein bears a positive charge, behaves as a base and forms in part 
a protein-acid salt. On the other hand, in a medium more alkaline 
than its iso-electric point, the protein is negatively charged, behaves 
as an acid radicle and forms salts of the base-proteinate type. With 
this key to their behaviour, Loeb has shown convincingly that the 
complex molecules of the proteins combine according to the ordinary 
• stoichiometric laws of classical chemistry. A very confused and 
perplexing field of colloid chemistry has thus been reduced to some- 
thing like order. At the moment, however, we are only concerned 
with one of the very wide range of phenomena that have been 
elucidated. At the iso-electric point some of the physical properties 
of a protein are at a maximum, others at a minimum. Thus at this 
point proteins show most tendency to precipitate and a minimal 
tendency to swell in water (Loeb (7) and literature cited therein). In 
other words if a protein gel or the solid phase of a protein sol be 
under consideration, with changing reaction of the medium there 
will be a change in the distribution of the water within the protein. 
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and at its iso-electric point the protein will most readily part with 
water if in contact with other systems which tend to absorb water. 

Now in the case of a vacuolated cell the cytoplasm of the cell 
may be considered to retain water as a result of the swelling properties 
of its proteins. Suppose we take the case of a series of such cells 
l5dng along a gradient of hydrogen-ion concentration. 

If somewhere along the gradient lies the iso-electric point of one 
of the main constituent cell proteins, then at this point there will be 
a distinct tendency for the cytoplasm to lose water to cells on either 
side, which are at different hydrogen-ion concentrations and therefore 
have greater affinity for water. Under these circumstances, the 
gradual accumulation within such cells of a dense, unvacuolated, or 
only slightly vacuolated, mass of protoplasm whose water is lost to 
neighbouring cells is at least conceivable. Furthermore, such a 
tendency to water loss would produce a definite tendency towards 
synthesis, rather than towards hydrolysis. The characteristic meta- 
bolic processes in plants are condensations in one direction, involving 
the elimination of water, and hydrolyses in the other direction, 
involving the addition of water. We may, for example, visualise the 
particular case of protein synthesis as being essentially the union of 
two amino-acids or their complex derivatives, A and B, to form 
the more complex substance, C, and water, e.g. 

A +B^C + HgO. 

Now according to the law of mass action, the concentrations of 
these four substances are proportional to one another (cf. Bayliss, 
2, p. 239) as follows: 


(cone. C) (cone. HgO) 
(cone. A) (cone. B) 


= a constant. 


From this general equation it is clear that in order to increase the 
concentration of C the concentration of water must be reduced. In 


other words, starting from a given point, elimination of water will 
lead to synthesis of C, addition of water will lead to hydrolysis of 
C, until a new equilibrium is attained. From this point of view 
elimination of water appears to be an essential condition for synthesis 
in plant meristems- 

Our test-tube knowledge of protein synthesis enables us only to 
envisage such condensation by analogy, but the extensive series of 
carbohydrate syntheses and of carbohydrate ester syntheses by the 
use of enz57mes in alcoholic media with low percentages of water 
(Bourquelot and Biidel(3)) supply strong evidence in support of 
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such, an argument. The idea that a plant meristem requires to be 
relatively free from water in order to persist in its synthetic meta- 
bolism has already been employed in reference to the apical meristem 
(Priestley and Tupper-Carey (8)) and here also it is now suggested 
that ultimately the growing protoplasm will be found to maintain a 
certain equilibrium reaction favouring the withdrawal of water by 
the osmotic action of the vacuolated cells bordering upon the 
meristem. 

A gelatin gel at its iso-electric point still retains a considerable 
amount of water by a mechanism which is far from clear and which 
may still be vaguely expressed under the term imbibition. Many 
proteins, however, precipitate at their iso-electric points and can be 
removed from solution as amorphous solids, retaining no more water 
than any other wet precipitate and drying as readily. The natural 
assumption at the present time appears to be that the normal meri- 
stem with protein at its iso-electric point has little or no more affinity 
for water than such a precipitated protein and as fast as water is 
released in the system, by the condensation processes accompanying 
synthesis, it is lost to the surrounding tissues. The cambial meristem 
should therefore remain under conditions permitting s3mthesis and 
growth, so long as the hydrogen-ion gradient is maintained and the 
necessary food materials are supphed. 

The Iso-electeic Points of Plant Proteins 

An essential condition for the production of meristematic activity 
on the above hypothesis is that the most important proteins in 
tissues capable of growth should have iso-electric points at reactions 
Ijdng between pH 3 and 6. Few published data exist as yet upon 
this subject, but a variety of tissues and tissue proteins (from ten 
diverse genera) have been examined in this laboratory. The un- 
published results justify the statement that in the cases investigated 
the iso-electric points of the principal proteins in plant tissues lie 
between the required limits, and are frequently about pH 4-4. There, 
are slight indications that the proteins of the tissues of aerial organs 
may differ in this respect from those found in subterranean organs. 

Conclusion 

While the ground traversed in this brief statement must be 
covered again, probably many times and over a much wider field, 
before the generalisation suggested can be accepted even as a working 
hypothesis in physiological anatomy, it is hoped that a case has 
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been made out for considering many well-known facts of plant 
anatomy from the following standpoint: 

Synthetic metabolic processes are usually condensations involving 
the release of water from tibie reacting substances. As reversible 
reactions, such synthetic processes are therefore facilitated by the 
removal of water from an actively synthesizing (or growing) meri- 
stem. Hence the fact that the cambial meristems lie across gradients 
of hydrogen-ion concentration suggests that they occur at that 
point where important constituent proteins are at their iso-electric 
point. These proteins thus possess minimal affinity for water, which 
may, therefore, be withdrawn from the meristem to the osmotically 
active cells on either side. An examination of the iso-electric points 
of tissue proteins so far as these are known suggests that the majority 
of such proteins have iso-electric points lying within the range of 
hydrogen-ion concentration observed on the two sides of a cambial 
meristem. 

These correlated data are at least suggestive and in the case of 
the cork phellogen no other causal mechanism has been suggested, 
so far as the writers are aware, which gives an adequate basis for 
the production of a new meristematic unit within an originally 
vacuolated cell. A moment’s consideration will show that the same 
mechanism would account for the development of a cambium within 
the procambial strand and its gradual extension as interfascicular 
meristematic tissue across the primary medullary ray. The problem 
of the apical meristems has been left on one side in this paper as it 
presents additional difficulties in observation and interpretation. 
There seems to be little doubt that here also water is withdrawn 
from the meristem in a somewhat similar way, although the manner 
in which the meristem proteins are maintained at the iso-electric 
point is not at present clear. 
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CONTENT, METHODS AND MEASUREMENTS 
IN THE TEACHING OF ELEMENTARY BOTANY 

By FREDERIC E. CLEMENTS 

T he first step in carrying the ecological .method of teaching into 
effect is to ascertain what is actually being accomplished in a 
particular course. This demands the clear recognition of the objectives 
sought. The definite formulation of objectives in teaching is perhaps 
as rare as the use of experiment and measurement, and a large 
number of teachers have but a vague idea of what they are striving 
to attain. Probably the aim most frequently expressed is to give 
the student an adequate idea of the subject, but this requires closer 
definition. To some it means a mass of facts, while to others it 
signifies an emphasis of principles and a disregard of facts, but to 
nearly all it denotes the covering of the traditional ground in the 
traditional time. In biology the almost universal aim is to “teach 
evolution,” with which is usually combined the desire to dignify the 
subject in the student’s eyes and to stress the great names in its 
development. It seems superfluous to point out that these are pro- 
fessional objectives, having in mind the interests of the professor and 
his subject, and assuming that these are identical with those of the 
student. They explain the prevalence of lecture and text-book, and 
throw light upon the abyss between scientific men and the public. 
They are the inevitable outcome of extreme specialization and of the 
practice of using such specialists as teachers of general students. 

In the sharpest contrast to these objectives are those that spring 
from making the interests and needs of the student paramount, and 
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the interests of professor and subject secondary. Foremost of all 
are developing the student's interests and providing him with the 
means of obtaining and testing his own facts and giving them 
meaning. Initiative and independence are indispensable to the 
teaching that places the student first, and they are far from un- 
desirable for the professor and the subject. The spirit of inquiry, 
developed with sympathy and directed with understanding, is in- 
comparably the greatest of all the results that can flow from teaching. 
Moreover, while it is clear why the humanities have failed to develop 
this spirit, it is incomprehensible that professors of science, them- 
selves investigators, should have so nearly succeeded in extinguishing 
it. The spirit of inquiry alone can lead to right thinking that is 
intrinsic, and the latter is the sole guide to the objectivity that is as 
imperative in human affairs as it is in science. Inquiry, thinking, 
and the application of knowledge are but reciprocally interlocking 
parts of the basic mental process, and teaching based upon them 
no longer need concern itself about the relative values of training 
and information. 

The objectives once determined, the next step is to discover 
whether they are being realised. To some teachers such scrutiny will 
appear as superfluous as it is undesirable. They possess the evidence 
furnished by examination paper and notebook, and questions as to 
the independence of the work and the permanence of the results are 
inconvenient. The student has drawn, even though he has not seen 
with his mind, what was shown him, and has written what was 
told him ; the requirements are met and the credit granted. To the 
teacher with misgivings as to the student's real accomplishment, 
the unannounced examination will reveal the actual situation, 
though it must be a complete surprise and not the "unannounced” 
kind that regularly appears at a certain point in the course. This 
method is always revealing even when given a few weeks after a 
subject is completed or but a week or two after a set examination 
has discharged the student's responsibility. But it is most compelling 
a month or two after the course has closed, and conclusive at prac- 
tically any time during the next year or two, particularly after the 
student has left the field altogether. In the latter case, such tests 
are difficult to apply, but they can be made, and they will be by all 
teachers who are as much interested to know the truth about their 
teaching as in their special fields of research. In this connection 
certain teachers wiU insist that they do not expect students to 
retain die facts of the course, or even the principles necessarily, but 
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that the important things in teaching are the intangible values. This 
takes teaching out of the realm of science into that of faith, and 
needs no further consideration. Unexpected examinations are 
especially helpful to the teacher who is impressed by the ease and 
rapidity with which ground is covered by the aid of lecture, or text- 
book, and demonstration. Ease and rapidity are not conditions that 
accompany vigorous mental growth, as can be demonstrated by the 
unexpected, or, better stiU, the delayed examination. The slighter 
the stimulus the less the response. With an organ so little used as 
the mind the stimuli must be strong and continuous or periodic if 
they are to produce permanent results. Repeated experiments have 
proved that lecture, text-book and demonstration do not produce 
stimuli of this quality. 

Even unexpected examinations are not capable of furnishing 
evidence as to results other than those obtained by the memory, 
except where it is possible to state a problem on paper, as with a 
problem in geometry. Adequate tests of mental development can 
only be made by means of practical and applied examinations, and, 
best of all, by the assignment of observations and experiments in 
which all of the work is done by the student, from organizing his 
plans and obtaining materials to carrying the plans through success- 
fully and drawing the proper conclusions. It is obvious that this is 
the method of scientific research, and equally obvious that teaching 
carried on in this manner needs no set examinations or tests. Every 
task is a problem that demands the student’s best efforts in organ- 
izing, observing, experimenting, thinking and correlating. No 
examination of the traditional sort that may be given can have a 
tithe of the value in his mental development that is exerted by a 
new problem that demands a mastery of the preceding one for its 
solution. In this fundamental respect the process-inquiry method is 
not merely identical with that of scientific research, but it also 
accurately reflects life itself with its constant pressure of problems. 
The similarity runs throughout, and nowhere is this similarity closer 
than in the fact that contacts, like blunders, must be personal and 
repeated to bring usable knowledge. However, while properly 
graduated series of problems bring their own tests of development 
and achievement, knowledge of the exact stages must be constantly 
available to both teacher and student. This involves the measure- 
ment of the learning processes, as discussed later. 

The content of general courses in biological science has been 
criticized more frequently than the method, chiefly because its 
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shortcomings from the students’ standpoint have been more obvious. 
Dependable opinions by either the conference or the questionnaire 
method are to be obtained with difficulty, if at all, by the teacher 
from his own students, but this can be readily done by a colleague. 
It has been found that students will discuss matters of content and 
method with entire frankness and great intelligence, when they feel 
that their confidence will be respected. The conference has decided 
advantages over the questionnaire in that it permits refining the 
students’ views, but it is time-consuming, and may be supplemented 
by the questionnaire when categorical answers to definite questions 
are desired. The use of conference and questionnaire for twenty 
years, aided by all too rare voliuiteer criticisms, has confirmed the 
impression that the traditional content of biological courses is entirely 
foreign to the students’ normal interest and needs, in spite of the 
fictitious interest often engendered by the teacher's enthusiasm and 
the student’s docility. This is readily checked by the opinions ex- 
pressed when courses have been changed to meet the students’ 
views, but it receives its strongest confirmation from the evidence 
afforded by the usual general courses. Measured by the number of 
students that it discourages from advanced work, as well as by the 
much larger number that it fails to attract, such a course is the chief 
factor in the present unsatisfactory status of biology. Its effect is 
far-reaching, for in forms variously diluted it finds its way into 
sdiools, and comes to represent the only kind of botany and zoology 
that the public can know. Its disastrous efiect is seen in the general 
attitude of the "educated” public toward biology, as well as in tbe 
almost complete disappearance of the amateur within the last few 
decades. While the differentiation of agriculture, horticulture, and 
forestry from botany, and of medicine from zoology was in some 
measure inevitable, it might well have taken place within the parent 
subject had biologists been more sympathetic toward human needs 
and less myopic as to applied science. The ground thus lost can 
never be regained, but it is still possible for biology to render unique 
service and regain lost prestige by increasing its sympathy and 
understanding. 

If the course in general botany is to reflect these qualities in a 
large degree, the teacher must turn to his students for understanding. 
He may do this gradually and indirectly, dropping this section and 
adding that as he determines student response, and perhaps approxi- 
mating to the desired result in a decade or more. Or he may subscribe 
fully and unequivocally to the principle that the students’ needs and 
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interests are paramount to all other considerations, and at once set 
about making the students partners in the course. This does not in 
the least mean abdicating the functions of the teacher, but on the 
contrary giving them full scope, since in return for his knowledge of 
what is possible and how to do it, he gains the student’s view of 
what is most worth while and of the most interesting manner of 
attack. Moreover, once he approaches the matter sympathetically, 
his own experience is invaluable in refining the students’ ideas and 
in helping to decide between various suggestions. To one who has 
run the whole gamut of experience from stereotyped courses in 
evolution and morphology in which there was not the slightest idea 
that the student’s viewpoint was a thing to be considered, through 
those in which there was a growing feeling that his interests should 
be wrought into the course, to the final stage where the student’s 
interests and needs are regarded as decisive, there seems no possibility 
of hesitation as to the proper method. Indeed, if the student is to 
be animated by the spirit of inquiry as the primary motive force in 
learning, his right to include the subject-matter of the course in his 
investigation cannot be ignored. 

In practice, the task of determining the content is an intrinsic 
and regular part of the course. It not only occupies the first period 
of two or more hours, but as much of succeeding ones as is necessary 
to determine the students’ contacts with the plant world, to organize 
these into a desirable sequence, and to give the students a clear view 
of the relation of the parts to the whole. While one may entertain 
natural doubts as to the student’s ability to “play up’’ in a game 
of this sort, these will quickly disappear when he realizes that his 
opinions and interests are being taken seriously.® Of the several 
methods of approach that have been tried the most direct and 
successful is the one in which each student is asked what he most 
wishes to know about plants. This is done with the utmost informality 
in order to encourage the students to volunteer their views, and to 
make it possible to pass quickly from question and answer to an 
animated discussion in which the teacher appears a participant 
rather than an evident director. As the views are expressed, they 
are written on the blackboard in order to have them clea,rly before 
the class when it turns to deciding which of these represent best the 
interests of the class as a group. From this discussion results a 
sequence of projects in the order of their interest or importance, in 
which the teacher’s chief share is to see that one permits of a natural 
development into the next, and that there are no impossibilities. 
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such as might arise from the season. For the sake of perspective it 
is desirable to sketch the work for the entire year, or for a term at 
the least, but it is best to determine the details project by project, 
as this enables the student to bring increasing knowledge and insight 
to the task. Finally, it must be realized that the outline thus obtained 
is a guide and not a mould, and that it is to be changed or modified 
as the developing interests of the class demand. In this connection 
emphasis should perhaps be given to the fact that by interests are 
understood those motives that impel the student to work and think 
rather than to gratify a passing curiosity. 

While each region or locality may have its peculiar contacts or 
interests, aU the beginning classes handled in this manner have been 
practically unanimous as to the most important things to include 
in the course. The things that plants do have proved much more 
compelling than what they are, and the student thus finds form and 
structure invested with a meaning to be gained in no other way. It 
is impossible to work with processes in plants without growing them, 
and this leads inevitably to their uses, patently the two oldest and 
most basic human contacts with plants. It is quickly realized that 
plants can be handled more readily and certainly when they have 
names, and this furnishes a convincing reason for discovering the 
floral eannarks of families and learning to read the solution of the 
flower’s problems of pollination and seed-production in its structure. 
It does not, however, constitute a warrant for the use of keys and 
manuals, which belong only in advanced classes. The contacts with 
the visible plant world prove so numerous that the microscope enters 
the course but exceptionally if at all, and only when it is needed to 
give reality, as ill the case of pollen, for example. Furthermore, the 
students’ contacts with cultivated plants have been and will be 
much more numerous than with native ones, and the material of 
the course will be selected accordingly. Moreover, it will be disclosed 
that students do not need to be “taught” evolution, but that this 
is something they will discover for themselves in their work with 
flowers, with an understanding and insight entirely foreign to the 
traditional account. Finally, the out-doors is the world of students 
as well as, of plants, and interest and results are enhanced to the 
degree that the work is done in garden and field, or the substitute 
that winter demands, the plant-house. 

Since the student organises his work and does it independently, 
the laboratory is the seat of the entire work of the course. But it 
is a new laboratory — one close to the primitive meaning of the word. 
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which consequently includes all those places in which plants are at 
work, and students can work beside them. Hence, it excludes to 
the highest possible degree all the traditional laboratories into which 
living plants are rarely brought or in which they lead a sickly 
existence. Such rooms are as undesirable for students of plant life 
as they are for plants themselves, and there is no excuse for tolerating 
them longer than absolutely necessary. The difficulty of keeping the 
students at work in an environment of living plants throughout the 
course arises almost wholly from the position of the academic year. 
When the latter consists of four quarters, elementary courses in 
botany should begin in the spring and end with the approach of 
winter. Where the usual academic calendar, beginning in the 
autumn, is maintained, the sole adequate solution is the plant-house. 
Such a solution has proved entirely feasible in countries with a long 
severe winter, and should be much simpler in those with mild 
winters. 

Ideally, the plant-house should be a greenhouse so easily modified 
as to temperature and humidity as to be equally desirable for 
students and plants, but in practice well-constructed greenhouses 
have been found to serve very well. Where a greenhouse is available 
but laboratory space lacking, the addition of a roofed wing with 
adequate side-lighting has proved very satisfactory. The plant-house 
should be located in a well-planned garden, preferably with space 
available for individual student gardens, and as close to field and 
forest as possible. Wherever universities are situated in cities, the 
department of botany shoidd be detached and located in the suburbs, 
always preferably on the experimental ground of the department of 
agriculture when there is one. While the plant-house should be 
provided with studies for the teachers, it has neither lecture-rooms 
nor class-rooms, as none are needed. All the work, organization and 
discussion as well as experiment, is done in the laboratory, whether 
it be plant-house, garden or field. Such a laboratory, once established, 
will prove to be equally valuable for advanced and graduate courses 
as well. 

The basic method of training the student to do all of his own 
work and thinking applies as well to questions of material and 
detailed methods of observation and experiment as to that of 
subject-matter. Mastery can be gained only by following each 
project throughout vdth true understanding, and it is essential that 
the student should select and obtain his materials. This may be done 
by the individual or by the group, ffiough a combination of the two 
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plans is usually the best. Even more important is the planning of 
observation and experiment. In the light of experience it seems little 
short of useless to give the student detailed directions for each 
experiment, and the laboratory manual appears to be downright 
harmful in depriving the student of the opportunity of organizing 
his own work. Here the preferred method is to allow each student 
to work out a plan independently, and then to take these up in the 
discussion to obtain the group judgment as to the most promising 
methods. Dissenting opinions, however, must always be respected 
and put to the test, in order to lead the students to recognize that 
opinions, majority or otherwise, can be separated into wheat and 
chaff only by experiment and measurement. The execution of 
observation and experiment is an individual matter, but there are 
projects in which it is desirable and sometimes necessary to organize 
the students in groups. The responsibility of the student does not 
end with the completion of the experiment. He must first dismantle 
his apparatus, and return material and supplies to their proper 
places in condition for immediate use. Much more important, he 
must turn to the organization and interpretation of his results as 
the most essential feature of the entire project. 

This is done in such a way as to give the memory and the power 
of thinking the maximum opportunity for development. No note- 
book is kept, though tables of readings and similar data are per- 
mitted. The teacher who requires that everything be entered in the 
lecture and laboratory notebooks will be highly sceptical as to this, 
but, if he subscribe to the statement that the relative values can be 
determined only by experiment, it is exceedingly probable that he 
will ultimately dispense with both. At any rate, no class so far 
studied has failed to prove that notebooks of all sorts almost com- 
pletely inhibit the proper functioning of the memory and thinking 
processes. It has been found that the repeated handling of the 
results by the individual and by the group, and their constant use 
in succeeding projects and discussions renders them permanently 
available, the ability of the mind to respond to such conditions 
being quite beyond the belief of one who employs traditional 
methods. 

While the student must feel individually responsible for his 
results and for giving them meaning, complete values can be obtained 
only through the group discussion. This is essentially an exchange of 
expeiiences and interpretations made with entire informality, but 
so guided by the teacher that actual progress is made and definite 
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decisions reached, though the latter may often be to tlie effect that 
more experiments or observations are needed. The group discussion 
entirely replaces lectures, and makes formal examinations un- 
necessary. It is held in the laboratory, whether plant-house, garden 
or field, whenever the progress of the work demands, and it profits 
greatly by the fact that materials and experiments are at hand for 
refining or checking statements and conclusions. 

While differences in setting, equipment, seasons and available 
teaching periods make it impossible to give a detailed procedure 
that will be generally applicable, the general plan of organizing and 
conducting the work will be similar for all. The division of a class 
into sections is based upon the conviction that the sympathy and 
understanding that should exist between the teacher and each one 
of his students are impossible in a section of more than 25 and can 
be most readily secured in one of 20 students. Everything con- 
sidered, the best arrangement of time consists of three 2-hour 
periods a week, provided this permits a half day for field work 
whenever needed. Under certain conditions two 3-hour periods will 
prove more convenient, but must be supplemented by visits to look 
after plants, make readings, etc. Since the teacher has no lecture or 
laboratory notebooks and no examination papers to burden him, 
he can give his best efforts to as many as three sections and still 
have half his time for investigation, a large part of which should be 
devoted to teaching methods and results. An elementary class of 
500 students would thus require seven or eight teachers, which 
seems not at all excessive in view of the quality of the results 
obtained. 

As has been already indicated, the first meeting of each section 
is given to the group discussion of the existing contacts of the 
students with plant processes and materials and to selecting those 
contacts that promise the greatest interest and values. In prac- 
tically all cases this has resulted in placing first the behaviour of 
plant and flower, followed closely by the uses that man makes of 
plants. Identification and herbarium-making of the traditional sort 
receive little sjrmpathy, and are replaced by an understanding of 
evolution and relationship gained through the first-hand study of the 
life-history and pollination of flower types. In the spring the choice 
naturally inclines to germination and the growth of the seedling, in 
the autumn to the life-history and pollination of the flower. In 
either event it is overwhehningly in favour of function and it turns 
to form and structure only as’ the class discovers that these are 
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inevitable results of the former and in their turn serve to explain it. 
The decision as to the iirst work to be taken up is followed by a 
discussion of the general method of attack, which still leaves room 
for individual initiative as to the details. The actual work of observa- 
tion or experiment is begun at the second meeting, a considerable 
range of choice being permitted as to material and method, while 
unity is secured by having all deal with the same project. The 
teacher’s task is to stimulate and on occasion encourage, and to 
train the student to realize that he can secure nothing of value from 
the work except by his own effort. By holding the quicker students 
to greater accuracy and helping the slower ones to form simpler and 
more direct habits of thinking, the class will come through each 
project with a fairly equable preparation for refining their methods 
and interpreting their results by group discussion. The latter will 
often reveal the need for further investigation and point the way to 
the problem that should follow. Each problem must grow out of 
one or more of the preceding ones and be kept in the broadest 
possible contact with them, as it is only in this way that permanent 
and usable knowledge can be secured. Each student turns to his 
experience again and again for the materials on which he must build 
and the repeated use of them makes lecture, text, and notebook 
superfluous. No examinations are needed to test his memory or to 
help him "organize” his material, nor are they necessary for the 
teacher who is in constant touch with his individual students 
throughout the entire working period. Each problem is itself a test 
made under the eye of the teacher, and he requires in addition only 
occasional definite measurements of progress in the various learning 
processes, measurements which should be as intelligible to the 
student as to himself. 

In experimental education, as in all research, knowledge rests 
upon quantities. Measurement is as essential to the student as to 
the teacher if cither is to be sure that adequate development is being 
obtained and pennanent results secured. Qualitative evidence of 
this is furnished by the inquiry method itself, since the ability of the 
student to organize and carry out projects with increasing demands 
is proof of constant growth. Such evidence renders examinations, 
both oral and written, quite unnecessary, except as they are used to 
measure improvement in memory. Quantitative results are necessary 
in the first place as an essential part of the investigation, but their 
great value lies in the certainty and accuracy witli which the mental 
development of the student can be traced. Measurements make it 
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possible to determine in detail the response of the student to the 
content and methods of the course from the two different view- 
points, that of the teacher and of the student. Even better, they 
permit an analysis of the learning process in the case of each student, 
and hence afford the only basis for giving it complete and symmetric 
development. The student’s part in measuring results is as great as 
that of the teacher, and constitutes an indispensable part of his 
training. The insight and objectivity that he thus develops with 
respect to his own deserts and accomplishment are beyond the 
belief of one who has taught only in the traditional way. 

The measurements employed were first developed twenty years 
ago, before the appearance of the intelligence tests, and consequently 
differ from the latter in several respects. The most important of 
these is that they are analytical, and deal directly with what are 
conceived to be the essential steps in the learning process. As a 
consequence they are apphcable to all subjects when these are taught 
by the process-inquiry method. In addition they are based upon 
the assumption that memorizing is not the sole or even the para- 
mount objective in teaching, but that it is merely an intrinsic step 
in the learning process. Perhaps a unique feature in their application 
lies in the fact that they are used to measure progress rather than 
to determine capacity once for all. This is in conformity with the 
working hypothesis that all normal minds are capable of develop- 
ment to a degree altogether unexpected, when subjected to the 
proper stimuli and environment. For purposes of study and measure- 
ment the learning process is divided into six steps or sub-processes, 
termed observing, experimenting, remembering, reasoning, relating 
and applying. These permit of further analysis, especially in psycho- 
logical terms, such as perception, attention, etc,, but the sub- 
processes given were chosen because they are readily intelligible and 
conform to the learning process of the race as well as the research 
method of the scientist. It is obvious that learning as ordinarily 
understood may begin or end with almost any one of these, though 
remembering regularly obscures aU the others. On the other hand, 
real learning, by which is meant complete learning, must begin with 
observation and end with application. In short> learning that is not 
applied to life, in terms of service, efficiency, comfort, or enjoyment 
is regarded as spurious. 

The limits of a paper do not permit an adequate treatment of 
the measurement of the various sub-processes, but this may be 
exemplified in the case of observation. The students set themselves 
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the task of observing independently every possible point in an 
object, such as a flower or a shoot, or every step in a process such as 
pollination or a tropism. The group then determines the total number 
of points that should be observed, and this constitutes the norm in 
relation to which the performance of each student is reckoned, as a 
ratio or percentage. A similar object or process is employed to 
determine the time element, but this is treated as an indicator rather 
than an essential part of the norm, owing to the fact that, while 
remembering can be speeded up, accuracy and thoroughness are 
more important than rapidity in the other processes. Improvement 
in the power to observe is measured in the same manner by means 
of a graduated series of objects, such as a cyme, a composite head 
and a grass spikelet. This makes it possible to establish a norm for 
rate of improvement, and to measure the performance of each 
student against this as well as his original score. The relation to the 
latter is regarded as furnishing the best evidence of the student’s 
progress, while the relation to the improvement norm of the group 
is taken as indicating the standard to be attained. Experimenting 
involves both observing and reasoning, and apart from these is 
mea|ured in tenns of the proper steps in organizing and executing 
an experiment. Remembering is best measured by written sum- 
maries of the knowledge to be put to use or tested by a project, 
though in terms of permanence it is also measured by the unannounced 
test in any field desired. Reasoning is more difficult to express in a 
norm, but this is successfully done by taking into account the steps 
necessary to marshal and contrast the evidence and to express it in 
a proper conclusion. Relating involves observing, remembering and 
reasoning, and has been most successfully measured in connection 
with tire efficiency of flowers in pollination or with their relationship. 
The actual test is conducted by giving each student several flowers 
representing as many orders, which are to be compared as to structure 
and then arranged in a grouping that wiU most nearly express rela- 
tionship based upon degree of similarity. This can be extended to 
families and genera, and with little modification to other organs, as 
weU as to processes. Applying is the most difficult sub-process to 
measure in quantitative terms, as the transfer of conclusion, principle 
or method is rather a qualitative matter which often does not permit 
of degrees of success. Most difficult of all is the measurement of 
success in applying results to other courses and fields, and to every- 
day life, but no adequate investigation of this is possible until 
departments are willing to relinquish the teaching of their respective 
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subjects as such, and to co-operate intimately in the mental develop- 
ment of their students. 

It is probable that the teachers who are willing to adopt new 
ideas and methods may be divided into three groups. The first 
includes those who in spite of their openmindedness need more 
evidence of the ineffectiveness of present courses and methods. This 
can best be obtained by a careful scrutiny of objectives and a com- 
prehensive measurement of results. The second group comprises 
those who feel that changes are desirable but hesitate before such 
a complete one. For these there is no better plan than to continue 
the usual method in one section and to employ the inquiry method 
in another section of the same course. This has the disadvantage of 
confining the evidence to methods and of neglecting content, but it 
has proved conclusive as to the former in every case. The third group 
contains those who are convinced that a change in the direction of 
the student’s interests is imperative and are endeavouring to find 
the way to make it effective. For these the problem is chiefly one 
of opportunity. In the case of the teacher working alone and 
responsible only to himself, at least so far as methods and content 
are concerned, there is no serious difficulty apart from that of 
material equipment. Moreover, this wiU prove transitory in nearly 
every case, as indicated by the fact that the acquisition of plant- 
house and garden has always followed the adoption of the process- 
inquiry method as a natural outcome of its fitness to human needs. 
In the case of departments, while the material equipment is often 
present, the staffs are none too often progressive and but rarely 
consistently so. In the latter case the method wiU approve itself as 
the only one possible for teachers who are at the same time in- 
vestigators. Its chances of success are excellent also when all those 
directly concerned with elementary courses are in agreement about 
it, but when progressive members are in the minority or are handi- 
capped by a conservative in authority, there is small reason to 
expect success. What can be hoped for at present is that progressive 
teachers here and there will adopt the process-inquiry method as 
just as basic and inevitable in teaching as in all other research, and 
that they will serve as centres for the spread of the spirit of inquiry 
to all teachers and students. 

A handbook of the process-inquiry method is in preparation, but 
it will be several years before it can appear, and meanwhile the 
writer will regard it as a privilege to get in touch with those who 
arc carrying on research in teaching or are contemplating it. 
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PERMEABILITY 
By WALTER STILES 
CHAPTER XIII 

REVERSIBLE AND IRREVERSIBLE CHANGES 
IN CELL PERMEABILITY 

I T is commonly supposed that the permeability of the plant cell 
is capable of undergoing changes, and statements to that effect, 
and involving that point of view, are common in the literature of 
the subject. But before discussing these changes it is necessary to 
enquire what exactly is meant by the term “ change in permeability.’' 
In making this enquiry we are brought up at once against the difficulty 
referred to in the first chapter, namely, our present very inadequate 
analysis of the system involved. In the preceding chapters it has 
already been necessary to call attention to the fact that the rate of 
intake of a substance is not necessarily a measure of the permeability 
of any or all of the cell membranes, as the rate of intake wiU depend 
on the difference of concentration within and without the ceU, and 
so also on the position of the equilibrium attained in the intake. Nor 
on the other hand can exosmosis be used as a measure of permeability. 
To make the position clear let it be supposed that when a plant ceU 
is placed in a certain solution no diffusion out from the cell takes 
place at all. vSuppose the cell is now transferred to a second solution 
into which a considerable exosmosis of substances takes place forth- 
with from the cell. It would be generally said that the solute in the 
second solution had brought about an increase in the permeability 
of the cell, or of the protoplasm, or of the plasma-membrane. This 
view is really based on the assumption that the protoplast or vacuole 
is surrounded by a membrane which is changed physically or chemi- 
cally by the solute in the external solution, so that the substances 
within are now able to diffuse through the membrane. This might 
indeed be the true explanation, but clearly others are possible. Thus 
the solute in question might affect non-diffusible substances of com- 
plex molecular constitution so that they broke down into a number 
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of substances of low molecular weight which can diffuse freely out 
of the cell. It is obvious that in such a case the change observed is 
not necessarily connected in any way with changes in permeability. 

Nevertheless, it seems clear that substances may pass with 
different degrees of difficulty into or out from the cell under different 
conditions, even when the differences of concentration within and 
without the ceU are the same, and it may be convenient to speak of 
any such difference which can be brought about by change in con- 
ditions as due to a change in permeability, alihough it must be 
emphasized that the term permeability is then not used in a strict 
sense (cf. Chapter 1). Even then it is very questionable whether it 
is legitimate to speak of the permeability of the cell or of any part 
of it without reference to the substances concerned, for it is by no 
means certain that a change in permeability to one substance in- 
volves the same relative change in permeability to another substance 
(cf. Chapter v). In the following discussion the term "change of 
permeability” is used to indicate a change in the ease with which 
a substance will pass into or out from the cell unconnected with a 
change in the difference in osmotic pressure or of concentration 
within and without the cell. It should, however, be clearly recognised 
that in so doing the term permeability is used loosely and with no 
intention of accepting the point of view that the changes observed 
are entirely due to alterations in the permeabihty of a cell membrane. 

Such changes may be reversible or irreversible. The latter appear 
always to be in the direction of increased permeability, with exosmosis 
of dissolved substances and, in the case of the turgid ceU, of water, 
ending in complete loss of turgidity and in death. Such irreversible 
changes are produced by high temperatures, freezing and spbsequent 
thawing, and toxic substances. It is possible they may be also brought 
about by rapid withdrawal of water resulting from immersion of a 
cell in a strongly hypertonic solution. The course of water loss during 
such an irreversible change in permeabihty is illustrated by the curves 
in Fig. II in Chapter x, showing the change in water-content of 
potato tuber immersed in solutions of ethyl alcohol of various con- 
centrations. The exosmosis of electrolytes from the same tissue 
immersed in solutions of the same alcohol of various concentrations 
at a temperature of 20° C. is indicated by the curves in Fig. 16 which 
exhibit the increase in electrical conductivity (corrected for the 
presence of non-electrolytes) of 50 c.c. of external solution containing 
20 disks of potato tissue, 17 mm. in diameter and 175 mm. thick. 
A comparison of the two sets of curves shows that the same concen- 
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trations of alcohol which bring about rapid exosmosis of water also 
bring about rapid exosmosis of electrolytes. It could be argued that 
the loss of water results from the loss of electrolytes and the con- 
sequent lowering of the osmotic pressure of the cell; in the present 
state of our knowledge it is safest to regard both as part of the 
phenomena of disintegration of the organisation of the cell character- 
ising death. 



Fig. 16. Exosmosis of electrolytes from potato immersed in solutions of ethyl 
alcohol of various concentrations (8M to o-y^M) and in distilled water 
(D. W.). (After Stiles and Jorgensen.) 


It was shown by Stiles and j0rgensen (1917 a) that the relation 
between the quantity of exosmosis and the time of action of a toxic 
substance can be expressed approximately by the equation 

- .8 log (i - D i - 2^ , 

where s is tlie concentration of the electrolytes that have exuded into 
the external solution after any time t and ri, B, D and k are constants, 
this equation being that obtained when it is assumed that the rate 
of exosmosis at any time is proportional to the quantity of asubstance 
in the cell which is decomposed by the toxic substance. The value 
of the constant A depends partly on the concentration of the toxic 
substance in the external solution; from the exosmosis-time curves 
obtained with different substances it is clear that whatever the 
relation between A and concentration may be it is not a linear one. 



Permeability 207 

1 1 has previously been mentioned that the electrical conductivity 
of tissue increases when acted upon by a toxic substance, the rate 
of increase giving a rough measure of the toxicity (Osterhout, 1912 <3:; 
Raber, 1920 a). Osterhout’s elaborate theory of antagonism de- 
scribed in the last chapter is easily extended so as to explain the 
changes in electrical conductivity of tissue acted upon by a toxic 
substance (Osterhout, 1917 (?), 

The relation between concentration and toxicity was investigated 
by Wolfgang Ostwald (1907) in the case of a freshwater animal, 
Gammarus, this worker coming to the conclusion that the life-time t 
of the animal in a solution of concentration C is given by the equation 


where kdjc\ 6 .p are constants. 

The similarity of this equation to the adsorption equation led 
Ostwald to regard | as proportional to the quantity of toxic substance 

adsorbed. The law has been shown to hold by Weevers (1912) for 
the toxic action of chloroform vapour on cells of the root of the red 
beet, the exosmosis of the red pigment being taken as an indication 
of the death of the cells. The same worker found (1914) that this re- 
lation only held within narrow limits in the case of the poisoning of the 
same cells with solutions of quinine hydrochloride and chloral hydrate. 
With more dilute solutions the cells live longer than the time in- 
dicated by Wolfgang Ostwald's equation. A similar divergence was 
observed by Sziics (1912} in his experiments on the time required 
for seedlings of Cucurbita Pepo to absorb enough copper sulphate 
to kill them, and by Nothmann-Zuckerkandl {1912) in experi- 
ments on the action of alcohol on protoplasmic streaming in 
Vallisneria. 

Several arguments against Ostwald’s conclusion have been put 
forward by Sziics, who showed that the former writer’s view that the 
time taken to kill is inversely proportional to the quantity of poison 
adsorbed involves several assumptions. It assumes in the first place 
that equilibrium between the quantity adsorbed and the outer medium 
appears instantaneously, for otherwise the life-time wifi, be increased. 
In the second place it is assumed that small quantities have the same 
effect ultimately as larger ones, but require more time for the effect 
to be observed. Thirdly, it is assumed, since the adsorption equation 
only refers to an equihbrium condition, that the toxic effect is only 
produced when the equilibrium is reached. 
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These various assumptions are unjustified by the facts. With 
regard to the first assumption, equilibrium in the intake of copper 
sulphate was shown by Szucs to come about very slowly. With regard 
to the second assumption, it is not true that small quantities have the * 
same effect as larger ones if they are given the necessary time to act, 
for the intake of smaE quantities of a poison may not lead to death. 
That this is not due to the washing out of the poison into the sur- 
roundings is shown by the fact that it takes place with heavy metals 
which are supposed to form irreversible compounds with the cell 
proteins, and that if plants are grown with their roots in a poisonous 
solution and removed from it before the lapse of a definite critical 
time they survive. Finally, with regard to the third assumption, 
Szucs found that with very poisonous substances death may occur 
before the equilibrium condition is reached. 

For these reasons Szucs held that Ostwald’s theory could not 
be maintained in its original form. Szucs himself appeared to incline 
to the opinion of Morawicz (1910) that the same quantity of material 
must be absorbed to bring about death. Szucs himself found the 
time required for seedlings of Cucurhita Pepo to absorb enough 
copper sulphate to kill them, by maintaining their roots in the copper 
sulphate solutions for definite times and then testing their vitality 
by examining their power to react to the stimuli of light and 
gravity. He then found that where t is the time required for the 
seedlings to take up enough copper sulphate to inhibit the geotropic 
reaction, 

C and p having the signification previously assigned to them. 

But these considerations on the relation between the concen- 
tration of toxic substances and time taken to kiU, do not help us very 
much in determining the influence of concentration in bringing about 
a change in permeability. They have, however, this bearing on our 
subject, that, according to the view involved in Wolfgang Ostwald’s 
theory, a substance that produces irreversible changes in permeability 
leading to death, would do so at once, whereas according to the view 
of Sziics the action of the toxic substance might only become irrever- 
sible after a definite critical period of immersion, varying in length 
with the concentration according to the equation cited above. 

It is at least possible that all changes resulting in inci'eased per- 
meability of the cell are reversible if the condition producing the 
change is not allowed to act for more than a certain time. 
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It is generally supposed that aU Hving cells in their normal 
condition undergo changes in regard to the ease with which sub- 
stances pass into and out from them. These are sometimes spoken of as 
functional (Bayliss, 1915) changes in permeability. As these changes 
are reversible they can obviously take place in either direction, that 
is, so as to increase or diminish the capacity of substances to pass into 
or out from the cell. In the former case, if the action is prolonged, 
we may expect the change to become ultimately irreversible. 

Factors which may bring about changes in permeability are 
those of the environment of the cell, namely, temperature, light and 
the composition of the external medium. The changes produced by 
various factors will now be considered. 

Effect of Temperature on Permeability 

The influence of temperature on the rate of intake and exosmosis 
of water by plant cells, and on the permeability of cells to water, has 
already been considered in Chapter x, and the influence of tempera- 
ture on the rate of intake of dissolved substances has been discussed 
in Chapter xii. The effect of temperature over the range 0° C. to 
30® C. is to increase the rate of intake of both water and dissolved 
substances, although the magnitude of the temperature effect varies 
considerably. A good case can be made out for regarding the change 
in the rate of intake of water into the vacuolated cell with change 
in temperature as due to a change in permeability of the protoplasm. 
That the same is the case with dissolved substances is not in any way 
evident. Within the range of temperatures indicated, changes related 
to changes of temperature are certainly reversible, even if the con- 
ditions are continued over comparatively long periods of time, but 
if the temperature rises too high, or if the tissues are allowed to 
freeze, the tissues or cells quickly disorganise owing to other changes 
which as far as we know may have nothing to do with permeabihty. 

Effect of Light on Permeability 

The influence of light on the intake and excretion of salts has 
already been dealt with in the preceding chapter. Such changes in 
relation to light appear undoubtedly to be reversible. Here again 
they can only be spoken of as changes in permeabihty if the latter 
term is used in a loose sense. 

Haupt (1902) concluded that light influences the permeability of 
the cells of extra-floral nectaries in BuphorUa and Vida. He found 
excretion of sugar only took place from the cells when illuminated, 
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while in the dark sugar was absorbed. Since the behaviour is observed 
in plants that have been maintained for days in absence of carbon 
dioxide it is concluded that the behaviour is not related to carbon 
assimilation, but is due to changes in the permeability of the cells 
to sugar. But this explanation appears to me hardly to be in agree- 
ment with the facts, for a mere change in permeabihty of a mem- 
brane win not account for the reversal in direction of the movement 
of the solute. A change in the physical or chemical constitution of 
the cell contents, brought about by a photochemical reaction, appears 
a much more credible explanation of the observed facts. 

Influence of Dissolved Substances on Permeability 

In addition to the antagonistic effects described in the last chapter 
there is a certain amount of evidence that substances in solution 
external to plant cells influence the rate at which substances pass into 
or out from plant cells. The action of toxic substances in this respect 
has already been discussed. Apart from these undoubted cases there 
are a number of observations on record which are alleged to indicate 
the influence of dissolved substances in altering permeabihty. Thus, 
WSlchter (1905) found that the passage of sugars out from the bulb 
scales of the onion was prevented by the presence of potassium nitrate 
in the Hquid external to the plant. A rather similar observation is 
that recorded by Bayhss (1915) to the effect that while a 0*31 M 
solution of sodium chloride brings about exosmosis of the pigment 
from the cells of the root of the red beet, no such exosmosis takes 
place into a solution containing the same concentration of sodium 
chloride and also 0-17 per cent, of calcium chloride. Both these 
observations can be explained on the basis of a reduction of permea- 
bility of the cell to a cell constituent, the reduction being brought 
about by the presence of a solute in the external solution. In the 
second case the observation can be brought into line with the 
antagonistic effects noted in the last chapter. 

Fluri (1909) thought he had obtained evidence that aluminium 
salts brought about an increase of permeability of plant cells to 
glucose and a number of salts. When filaments of Spirogyra were 
immersed for two or three days in a o-oi per cent, solution of alumi- 
nium sulphate or nitrate, the cells were no longer plasmolysable in 
hypertonic solutions of glucose or a number of salts. Fluri explained 
this as due to the increased permeabihty of the cell to these sub- 
stances. On transferring the filaments back to water the cells recover 
their original condition, so that the effect is reversible. 
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However, investigations of StoMasa (1911) and others, and par- 
ticularly the critical research of Sziics (1913) on this subject, indicate 
that this explanation is not correct, for if it were, the following con- 
sequences should result. 

1. Cells plasmolysed in a hypertonic solution should become de- 
plasmolysed after addition of an aluminium salt to the external 
solution. 

2. The increased permeability of the protoplasm should con- 
dition increased exosmosis and consequent loss of turgor. 

3. As they can enter the cell more rapidly, toxic substances ought 
to exhibit their effects more rapidly in presence of aluminium salts. 

4. Substances which are microscopically recognisable ought to be 
clearly discernible by microchemical tests if they enter the cell in 
such amount that plasmolysis is prevented. 

5. The rapid entrance of strong solutions ought to have toxic 
effects which would condition exosmosis. 

Sziics could observe none of these consequences of Fluri’s theory 
of the action of aluminium ions. On the contrary, he found by 
centrifuging filaments of Spirogyra treated with an aluminium salt, 
that the action of aluminium ions is to fix the protoplasts, which 
remain in position under this treatment, while normal living proto- 
plasts collect in the ends of their cells. Aluminium chloride, sulphate, 
nitrate and acetate all appear to behave in the same way, while 
yttrium and lanthanum salts also appear to have the same action. 
On returning the cells after treatment to water, they recover their 
original state. There is no doubt that the effect is reversible. If the 
aluminium ion is allowed to act for a longer time, and if it is in 
sufficient concentration, the protoplast becomes "loosened"’ again, 
and then collects in the ends of the cell on centrifuging, in the same 
way as in a normal living cell. The fixing action can be observed in 
Spirogyra immersed for only a minute in a solution of aluminium 
nitrate as dilute as 0*0064 N. The greater the concentration the more 
rapidly both the fixing action and the subsequent "loosening” take 
place. It should be noted that aluminium ions do not exert this 
fixing action on anthocyanin-containing cells of a number of different 
species examined by Sziics. 

Harvey (1911, 1913), from experiments in which cells were first 
impregnated with neutral red (cf. Chapter xi), concluded that sodium 
hydroxide does not readily enter cells of EloAea, Spirogyra, Para- 
mcecium and eggs of various echinoderms, but that sodium salts in 
the external solution render the cell permeable to sodium hydroxide. 
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It is not clear, however, how far this result is to be attributed to toxic 
action. 

S. C. Brooks (igi6 6) treated strips of peduncle of Taraxacum 
with solutions of respectively 0-22 ikf sodium chloride, 0-17 M calcium 
chloride and 0-05 M cerium chloride for 20 or 25 minutes, then trans- 
ferred the tissue to distilled water and measured the increase in 
electrical conductivity of the latter. He assumed that exosmosis 
during the first 30 minutes is due to diffusion into the water of the 
salt previously absorbed, and that subsequent exosmosis can be 
regarded as due to exosmosis of electrolytes from the protoplasm. 
Since it was found that after 30 minutes exosmosis from tissue that 
had been treated with calcium chloride was less than that from tissue 
which had not been in contact with any salt solution, it was concluded 
that calcium chloride brings about a decrease in permeability of the 
tissue, while as from tissue treated with sodium chloride exosmosis 
after 30 minutes was greater than from the control which had not 
been in contact with salt solution, it was concluded that sodium 
chloride brings about an increase in permeability. Cerium chloride 
was regarded as bringing about first a decrease in permeability which 
is followed by an increase. 

To the present writer these conclusions appear of little value for 
the following reasons. The recorded observations are few in number, 
the recorded differences are small, and it is not shown that they lie 
outside the limits of experimental error. It is necessary to show this, 
especially as electrical conductivity can be used only as an approxi- 
mate, but not as an accurate, measure of the exosmosis of electrolytes, 
while it is unlikely that diffusion of the experimental salt out of the 
tissue should end, and that of other substances in the ceUs begin, at 
any particular moment, or at the same time with different salts. 

Experiments with the tissue tension method and the diffusion 
method described in the last chapter led Brooks to similar con- 
clusions, namely, that salts of univalent kations (and also sucrose) 
increase permeability, while salts of divalent and trivalent kations 
at first bring about a decrease in permeability. But these methods 
also are not free from serious objections, and the legitimacy of the 
conclusions drawn appears to the present .writer very doubtful (cf . 
Chapter xi). 

As indicated in the last chapter Osterhout (1912 «, h) found that 
thallus of Laminaria when transferred from sea water to sodium 
chloride having tlie same conductivity as sea water, underwent a 
gradual loss of electrical resistance until the tissue was quite dead. 
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A number of salts were found to act in the same way, namely, the 
chlorides of potassium, caesium, rubidium, lithium, ammonium and 
magnesium^; sodium bromide, iodide, nitrate, sulphate and acetate. 
On the other hand the salts of bivalent metals examined (magnesium, 
calcium, barium, strontium, manganese, cobalt, iron, nickel, zinc, 
cadmium and tin) produce first a rise in resistance, then a fall 
(Osterhout, 1915 d ) ; the same is the case with salts of trivalent and 
tetravalent metals (Osterhout, 1915 e). The same effect is produced 
by ether, chloroform, chloral hydrate and alcohol (Osterhout, 1913 a, 
1916 /), by potassium cyanide (Osterhout, 1917 a) and by sodium 
taurocholate (Osterhout, 1919 &). 

On the assumption that electrical conductivity is a measure of 
permeability these results are interpreted as indicating that the 
substances of the first group bring about an increase in the perme- 
ability of the cell, while those of the latter bring about first a decrease 
in permeability followed by an increase. For the same reasons small 
quantities of sodium hydroxide are held to increase permeability 
(Osterhout, 1914 g) while hydrochloric acid is considered to produce 
rapid decrease of permeability followed at once by rapid increase 
(Osterhout, 1914 /j). 

If the tissue is only allowed to remain in the single salt solutions 
for a short time and is then returned to sea water, the original 
resistance of the tissue is regained. This is regarded by Osterhout 
(1912 I, 1915 h) as indicating reversible changes in permeability. 

Reasons why electrical conductivity cannot be regarded as an 
accurate measure of permeability have already been advanced in 
Chapter xi and need not be repeated here. Also it seems to the 
present writer meaningless to speak of the permeability of the cell 
as a quantity with a definite value which can be accurately measured, 
unless the substance, the penetration of which is in question, is also 
stated, for there is no evidence that if the peimeability of the cell 
to one substance changes, its permeability to all other substances 
changes in the same proportion. Osterhout’s theory of antagonism 
described in the last chapter has been extended to include reversible 
changes of electrical conductivity (Osterhout, 1920 a, h), but as 
it is highly speculative, it- will not be dealt with further in this 
place. 

Trdndle (1920) investigated the effect of acids on the permeability 
to sodium chloride of the cells of the leaf of Rwws sempervirens by 
a plasmolytic method in which were recorded the concentrations of 

But magnesium salts appear in Osterhout’s second, group. 
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sodium chloride in which deplasmolysis just took place after various 
times of immersion. It was found that after immersion for five 
minutes in o-oi N oxalic acid or 0-005 N hydrochloric acid the 
plasmolysing concentration of sodium chloride rose more rapidly 
than after a preliminary immersion for five minutes in tap water. 
The rise in the value of the limiting plasmolysing concentration is 
attributed to the absorption of sodium chloride and hence it is con- 
cluded that dilute acid has the effect of increasing the permeabihty 
of the cells in question to sodium chloride. 

The observation of Puiiewitsch (1898) that exosmosis of sugars 
or other soluble food reserve substances from storage tissue is in- 
hibited in absence of oxygen or in presence of anesthetics, is regarded 
by Livingston (1903) as probably a case of the influence of a dissolved 
substance on the permeability of a cell membrane. Yet to me 
Puriewitsch's original explanation, namely, that the absence of oxygen 
or the presence of anaesthetics influences the enzymes present so 
that the stored food material is not converted by enzyme action into 
a diffusible form, appears at least as probable. Livingston finds it 
difficult to imderstand how enzyme action could enter into the 
question in cases where the food reserve is in a soluble form as in the 
case of sugar in onion and beet root. It might, however, be the case 
that there is here a transformation of disaccharides or more complex 
sugars into the more easily diffusible hexoses or pentoses. 

The influence of various narcotics on the absorption of salts by 
leaf cells was examined by Trondle (1920) by the plasmolytic method 
used by him to test the action of acids on penneability. Assuming 
the legitimacy of the method, which is in doubt, it was found that 
previous immersion for 20 minutes in 0-5 per cent, chloral hydrate 
reduced the rate of absorption of sodium chloride by leaf cells of 
Buxus sempervirens, while immersion of the same cells for the same 
time in i per cent, chloral hydrate or 3 per cent, (by volume) ether 
at about 15° C. completely inhibited the intake of salt. The absorption 
of potassium chloride by leaf cells of Acer platanoides was inhibited 
by previous immersion for 15 mmutes at about 21° C. in i per cent, 
chloral hydrate, and similarly the absorption of sodium nitrate by 
leaf cells of Lupinus alhus was inhibited by immersion for 20 minutes 
in the same solution. From these results Trondle concludes tliat 
narcotics reduce the permeability of ceUs to salts, even to complete 
impermeability. 
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Effect of Changes in Turgor 

To account for the exudation of water or solution from living 
cells in the case of water pores and nectaries, and in the phenomena 
of bleeding and root pressure, it has been suggested that a change in 
the permeabihty may be involved which is brought about when the 
turgor pressure has reached a certain amount. It is certainly con- 
ceivable that a stretching of the protoplasmic envelope might render 
it more permeable. Livingston (1903) thus thinks that as water passes 
into the cells in question the turgor pressure may rise to a critical 
point when a change in permeability takes place as a result of which 
cell sap exudes through the protoplasm. As a result of this the turgor 
pressure is reduced and the cellulose wall contracts. If the change 
in permeability is uniform throughout the whole of the protoplasm, 
exudation wiU only take place to any extent into the cavity of the pore 
of the water stoma or the cup of the nectary, as the turgor pressure 
of the surrounding cells wiU oppose the passage of water into them. 

After the ceU wall and protoplasm have contracted so that turgor 
pressure is below the critical value, the protoplasm regains its semi- 
permeable property, water passes in from the neighbouring cells, 
and the turgidity increases until the critical value of the turgor 
pressure is again reached. During this period reabsorption of the 
water previously extruded is prevented because evaporation has con- 
centrated the extruded solution so that it has now a higher osmotic 
concentration, and would therefore tend to extract water from the 
ceU. It must be supposed on this (and perhaps not only on this) view 
of the action of water pores and nectaries, that the solutes lost from 
the vacuole in exudation are replaced by secretion in the protoplasm. 

A similar mechanism can be supposed to act in the case of the 
exudation of water from cut stems and leaves, and in the phenomenon 
of root pressure. 

It must be emphasized that this theory was only put forward 
by Livingston as a tentative one. It is possible that no change in 
permeability is involved in the phenomena of exudation, bleeding 
and root pressure, and references to theories in which this latter point 
of view is taken have already been noticed in Chapter ix. 

Effect of Wounding 

Trondle (1921) investigated the effect of wounding on the perme- 
abihty of cells of the young roots of Pisum, Vida, Lupinus and 
Allium by the method used by him to investigate the effect of acids 
and narcotics on permeabhity, and already mentioned in this chapter, 
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th.at is, by determining the limiting concentration of sodium nitrate 
and potassium chloride required to produce plasmolysis of these cells 
after the lapse of different periods of time. Assuming the legitimacy 
of the method, which is doubtful, it was found that injury decreased 
the rate of intake of the salts employed for plasmolysis, whence it 
is concluded that wounding decreases the permeability of the proto- 
plasm of these cells to the salts in question. 

Seasonal Changes in Permeability 
Fitting (1915) found by the deplasmolytic method used by him, 
that salts were absorbed by the cells of the leaves of Rhceo discolor 
much more slowly in winter than in summer; he found the same thing 
with glycerol {1919). 


It is evident from what has already been written that the cell 
may vary under different conditions with regard to its capacity for 
absorbing or excreting both water and dissolved substances. In the 
case of the vacuolated cell such changes in the rate of the passage 
of water from external Hquid to vacuole or vice versa may, with con- 
stant difference in osmotic concentration of the internal and external 
liquids, be regarded as due to changes in the permeability of the cell 
membranes (cell wall -f- protoplast) to water, although even this rests 
on the assumption of the complete correctness of the simple osmotic 
view of the plant cell, which has already been shown to be inadequate 
(cf. Chapter ix). 

The question of changes in permeability to dissolved substances 
is a much more difficult one. That changes in permeabihty are spoken 
of at aU in this connexion is due to the acceptance of the membrane 
theory, and it must not be forgotten that other explanations are 
possible which do not involve passage of substances through a mem- 
brane (Moore and Roaf, 1908). With regard to the irreversible changes 
in permeability leading to the death of the cell, Sziics (1912) is of 
opinion that the so-called “increase in permeabihty" brought about 
by narcotics and other compounds, and indicated by exosmosis of 
tannin from plant cells and the pigment from red blood corpuscles, 
has nothing to do with permeabihty because the phenomena observed 
are not connected witli vital processes but are due to post-mortal 
changes. 

Yet even if the exosmosis residting from the action of toxic sub- 
stances is not in the first place attributable to post-mortal changes, 
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it does not follow that such exosmosis is due to increased permeability 
of the cell membranes to the solutes of the cell. It may, for instance, 
result from a breaking down of complex and indiffusible substances 
into simpler and diffusible ones. Similarly, the so-called reversible 
changes in permeability may be attributed to reversible changes in 
molecular associations rather than to changes in the permeability of 
the cell membranes. Which is the correct view cannot be decided in 
the present state of our analysis ; it can only be determined by further 
work. 

CHAPTER XIV 

THEORIES OF CELL PERMEABILITY 

I T wiU be clear from the review in the preceding chapters of the data 
at present available with regard to the permeability of plant cells, 
that our information is far from complete, and, as far as quantitative 
data are concerned, fragmentary. Nevertheless, in spite of the in- 
sufficiency of information, there is no shortage of theories of cell 
permeability. It is one of the weaknesses of the theories of cell per- 
meability that they are for the most part not even based on the whole 
of the scanty information available, but only on one particular set 
of observations which fit the particular theory. Under these circum- 
stances perhaps none of the theories are of any great value, and no 
attempt will be made here to summarise in any detail all the theories 
that have been put forward to account for certain facts of cell intake 
or excretion. Those theories will chiefly be considered which have come 
into prominence during recent years, and which, in the opinion of 
the writer, may be perhaps of some use, in that they may stimulate 
to further work. 

Two questions which have been discussed in earlier chapters are 
obviously of first importance in regard to the mechanism of perme- 
ability in living cells. These are (i) the purely physico-chemical 
question of the permeability of membranes discussed in Chapter v, 
and (2) the plasma-membrane discussed in Chapter vni. From the 
discussion on the plasma-membrane it must be admitted that the 
evidence for the presence of a membrane which acts as a semi- 
permeable membrane separating the bulk of the protoplasm from 
the external solution (supposed to be present as such in the cell wall) 
is not by any means convincing, although to regard the whole body 
of the protoplasm in the vacuolated cell as a more or less semi- 
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permeable membrane separating the external solution has more in 
favour of it. 

Most of the propounders of theories of cell permeabihty assume 
a semi-permeable plasma-membrane forming the external layer of 
the protoplasm in all cells, and if this were the case, it might perhaps 
be possible to find an explanation of cell permeability that would 
hold in all cases. But if this supposition is erroneous it is clear that 
we cannot expect a theory which explains the passage of substances 
from the outside of the cell through the protoplasm into the vacuole, 
necessarily to explain also the intake of the substance by the proto- 
plasm, that is, the membrane. 

To those who believe in a more or less semi-permeable plasma- 
membrane limiting the protoplasm externally, the three theories of 
membrane permeability described in Chapter v are obviously ap- 
plicable to the penetration of substances into the cell, and we do 
actually find that all three theories, the sieve theory, the solution 
theory and the chemical combination theory, have been put forward 
in some form or another as theories of cell permeability. But to those 
who do not accept the presence of such a plasma-membrane, these 
theories in their simple form obviously cannot account for the intake 
of substances by meristematic cells or excretion from them, while 
in the case of vacuolated cells they can at most only account for the 
passage of substances into the vacuole and not for their uptake by the 
protoplasm. This essential dependence of theories of cell permeability 
on belief or disbelief in the existence of a plasma-membrane of 
restricted permeability has not always been sufficiently emphasized 
in discussions on the mechanism of absorption by cells, even if it 
has been fully realised. 

Since some theories of ceU permeabihty rely for some considerable 
measure of support on observations on the intake of dyes by hving 
celts ("vital staining”) it will be as well to preface a consideration 
of the individual theories with a brief summary of the main facts of 
dye intake. 

The work of Pfeffer and subsequent investigators suggested that 
while plant cells rapidly absorb basic dyes, acid dyes are iii general 
absorbed not at all or only to a sHght extent. Overton (1899, 1900), 
whose theory of permeabihty will be discussed later, came to the 
conclusion that only dyes soluble in hpoid substances enter the cell. 
Basic dyes are, however, on the whole, soluble in hpoid substances, 
whOe acid dyes are not. It was later found by Hober and Kempner 
(1908) and Hober and Chassin (1908) that many acid dyes are taken 
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up by the epithelial cells of the kidney and accumulate there; never- 
theless, some acid dyes are not taken up. Hober and his co-workers 
came to the conclusion from their experimental results that when 
a dye is not absorbed by the epithelial cells of the kidney it is highly 
colloidal; whereas if a dye is only slightly colloidal or semi-colloidal 
it is easily absorbed. 

In the next year Ruhland (1908 a, b) came to the conclusion from 
experiments with Spirogyra, that whatever the degree of dispersity 
of the dye, the cells in question readily absorb a basic dye but not 
an acid dye. In the same year Hober (1909) examined the capacity 
of 34 dyes to stain the epithehal cells of the kidney and came to the 
same conclusion as he had done previously, namely, that those dyes 
which do not stain these kidney cells are unable to do so on account 
of their low degree of dispersity. He rightly pointed out that his 
results only hold for kidney cells and were not necessarily applicable 
to cells in general. 

In further work which will be dealt with in some httle detail later 
in this chapter, Ruhland {1912 b, 1913 a, h, c) examined the intake 
of a great number of dyes, both acid and basic, by a different method 
and as a result changed his point of view and now holds that it is 
solely the size of the particles of the dye which determines whether 
the dye is taken up or not. 

The importance of the hydrogen-ion concentration of the ceU 
contents is emphasized by Bethe (1916, 1922) and Rohde (1917), who 
find that the capacity of living ceUs to absorb dyes depends in high 
degree on the reaction of the external medium and of the cell contents. 
Acid reaction in the interior of the cell favours the accumulation of 
acid dyes and acts against’ staining by basic dyes, while inversely, 
basic dyes are extraordinarily strongly absorbed by cells with an 
alkaline reaction while acid dyes scarcely stain such cells at aU. 
Bethe (1922) adduces in support of this view experiments in which 
basic and acid dyes and one amphoteric dye were allowed to diffuse 
through parchment paper under different conditions of hydrogen-ion 
concentration. With acid dyes diffusion is furthered by an acid re- 
action and reduced by an alkaline one; with basic dyes the reverse 
is the case. Similarly, if the dye is allowed to diffuse from an aqueous 
solution through parchment paper into a protein, the dye accumu- 
lates in the solution when an acid dye diffuses into an acid protein 
sol or when a basic dye diffuses into an alkaline protein sol, but not 
when the reaction of the sol is acid and the dye a basic one, nor when 
the reaction of the sol is alkaline and an acid dye is employed. 
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With these prefatory remarks we are now in a better position to 
consider some of the theories of cell permeability. 

The Ultrafiltration Theory 

The ultrafiltration theory of cell permeability appears to be a 
direct application to the cell of the sieve, theory of membrane per- 
meability. In its present form it is founded on the work of Kiister 
(1911) and Ruhland (1912, 1913 a, b, c, 1914) on the staining of 
various plant cells by a considerable number of dyes. The method 
chiefly employed was introduced by Kiister and consists in placing 
the cut surface of shoots in a solution of dye so that the solution is 
carried through the vascular bundles from which the dye, if it is 
capable of penetrating living cells, will pass into the latter. Using 
this method Ruhland examined the penetration of 89 acid dyes, 
chiefly into the tissues of young plants of Vida Faba, and came to 
the conclusion that a complete parallelism exists between pene- 
trability and diffusivity of the dye, the latter being examined by 
following the diffusion of the dye through a gelatin gel. The diffusivity 
is supposed to run parallel to the degree of dispersion (cf. Chapter iv), 
whence it is concluded that with acid dyes the capacity of penetrating 
into plant cells depends entirely on the degree of dispersion of the dye. 

Ruhland also examined the intake of 30 basic dyes by epidermal 
cells of the bulb scales of Allium Cepa and by cells of Spirogym, and 
found that of these a few, namely, Victoria blue R and B, Easier 
blue R and BB, gallamin blue and night blue, were not absorbed, 
while two others, diazine green and Victoria blue R, were only 
absorbed slowly. All these dyes were also found to diffuse slowly 
through a gelatin gel. 

In some cases the intake of acid dyes by cells of the bulb scales 
of Allium Cepa and of the pith of the stalk of Helianthus annuus 
could be made plain after immersion of the tissue in the dye by 
plasmolysing with a strongly hypertonic solution of sugar or a salt 
so that a big contraction of the protoplast resulted; with a consequent 
intensification of the colour. Kiister {1918) has also obtained similar 
results in regard to the intake of acid dyes {acid fuchsin, hght green 
FS and orange G) by cells of the pith of Coleus hybridus. 

The fact that basic dyes accumulate much faster than acid dyes 
is regarded by Ruhland as not related to permeability, but to be due 
to the combination of basic dyes with tannic acid (cf. Chapter xi) 
so that a considerable apparent diflerence in concentration of the 
dye on the two sides of the plasma-membrane is maintained. 
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Ruhland thus comes to the conclusion that the entrance or non- 
entrance of a substance into the cell is related entirely to the mag- 
nitude of its molecules or molecular aggregates, the plasma-membrane 
acting exactly as an ultra-filter. 

Ruhland’s theory has been subjected to criticism by Hober and 
Nast (1913). It will be recalled that Ruhland found a tew highly 
colloidal basic dyes that would not penetrate the cells examined. 
H5ber and Nast, on the other hand, found that all these dyes will 
stain hving animal cells with the exception of gallamin blue, and this 
dye, according to Hober and Nast, is an acid and not a basic dye. 
These dyes are not very soluble and are easily precipitated by 
electrolytes, and Hober and Nast consider it possible that the dyes 
were precipitated before they reached the plasma-membrane, possibly 
by the electrolytes in the cell walls. In any case the ultra-filter theory 
is not supported by the work of Hober and his collaborators on animal 
cells. 

The ultrafiltration theory has been criticised by Collander (1921) 
from another point of view. The last-named writer points out that 
the cells which take up the dye when Kiister’s method is used are 
those in the neighbourhood of the vascular bundles, and Collander’s 
work on the intake of sulphonic acid dyes has shown that these cells 
may have a quite abnormally high capacity for absorbing acid dyes. 
If the theory were sound all cells should absorb acid dyes of a high 
degree of dispersion, but this has been shown by Collander not to 
be the case, while the earlier experiments of Ruhland (1908 a, h) 
himself indicate the same thing. It is clear that the ultrafiltration 
theory cannot be accepted as a complete and general theory of cell 
permeability. 

The Lipoid Theory 

The lipoid theory of cell permeability propounded by Overton 
(1895, 1896, 1899, 1900, 1901) is a solution theory of permeability, 
assuming as it does that the penetrating capacity of different sub- 
stances runs parallel with their solubility in lipoid substances of 
which the plasma-membrane is supposed to be composed. 

Overton founded his theory on experiments with a wide range 
of tissues and a large number of different substances including many 
dyes and other organic compounds of different ^oups. 

As already mentioned, most acid dyes are insoluble in lipoid 
substances, but Ruhland states that some sulphonic acid dyes are 
soluble in lipoids and do not stain living cells, and three acid dyes, 
cloth red 3GA, true red A and wool violet S, were found by Hober 
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(igog) to be soluble in lipoid substances, but yet did not stain most 
cells. Hober showed that wool violet may be actually absorbed but 
undergoes a change in the cell resulting in decolorisation, as this 
can be effected by treatment of the dye with fresh frog’s hver. Kiister 
(igii) found all these dyes were absorbed by some, although not all 
plant cells. However, CoUander has shown that cells of sugar beet 
and Elodea do not absorb wool violet 5 with any rapidity. There 
appears to be some doubt whether this dye should be regarded as 
a typical lipoid-soluble dye, as an experiment made by CoUander of 
the partition of the dye between water and a saturated solution of 
cholesterol in benzene resulted in the dye going in greater quantity 
to the water. 

Hober also points out that in another group of acid dyes, the 
phthaleins, there are a number which are soluble in lipoid substances 
but which do not stain Uving ceUs, namely, rose bengal, cyanosin, 
erythrosin and gaUein. 

Ruhland also states that new blue i? is a dye insoluble in lipoid 
substances, but which stains living ceUs. Even methylene blue, one 
of the most easily absorbed dyes, prefers water to lipoids (Loewe, 
igi2). However, Hober and Nast found new blue R was soluble in 
a solution of cholesterol in turpentine. The absorption of many 
sulphonic acid dyes by certain plant ceUs as shown by Kiister's 
method, appears to teU against the lipoid theory, as these dyes are 
in general insoluble in lipoid substances. 

It is clear that a simple lipoid theory wiU not explain the behaviour 
of all cells to all dyes, but the principal difficulty arises from the 
intake of inorganic salts which are as a rule insoluble in lipoid sub- 
stances. Consequently the theory has to admit that substances 
insoluble in lipoids may, under certain circumstances, be able to 
penetrate into the cells. Hence we find solution theories put 
forward in which the plasma-membrane is regarded as a mosaic 
(Nathansohn, 1904 a) or a colloidal complex (Lepeschkin, 1910 a, 6, 
1911 a, h, c) (cf. Chapter viii) in which lipoid substances are present, 
by solution in which dyes, narcotics and other lipoid-soluble sub- 
stances ente the cell, and in which there is also an aqueous phase 
through which water-soluble substances such as inorganic salts, acids 
and bases, and sugars, are able to diffuse into the ceU. 

The lipoid theory is at best an imperfect theory, only professing 
to indicate, as CoUander puts it, what substances wiU enter all ceUs 
easily under all conditions. But even thus restricted the theory 
appeal's to break down, for, as already indicated, there are substances 
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soluble* in lipoid substances which have been found not to enter living 
cells. 

Boas (1921, 1922) made observations on the action of saponins 
on yeast cells and concluded that his results support the lipoid theory. 
He found that saponins in low concentrations bring about an increase 
in the rate of fermentation by yeast, although in high concentrations 
fermentation is retarded. This action is explained on the ground that 
saponins attack lipoids in the plasma-membrane so that the per- 
meability is greatly increased and because of this sugars can be more 
rapidly fermented. The argument is not very convincing. 

A modification of the lipoid theory recently proposed by Niren- 
stein (1920) as a result of work on Paramcecium caudatum, need not 
detain us long. According to this theory the living ceU behaves as 
if it were a lipoid solvent containing a certain amount of fatty acid 
and organic bases soluble in fats, which between them are responsible 
for the uptake of substances, acid dyes, for example, being absorbed 
by the bases, such as diamylamine, in which they are soluble, and 
basic dyes by the fatty acids, such as oleic acid, in which they are 
soluble. CoUander points out that this theory is not directly applic- 
able to plant cells because accumulation of dyes takes place in the 
cell sap, but it might be possible to regard the plasma-membrane as 
possessing the solvent properties of Paramcecium protoplasm. How- 
ever, Collander examined seven of the acid dyes which Nirenstein 
had found soluble in diamylamine and which stain living Paramcecium, 
but none of these dyes were taken up to any extent by plant cells. 
Nirenstein’s theory is thus quite unacceptable in regard to plant ceUs. 

The Colloid Precipitation Theory 

A theory that permeability of protoplasm to any particular salt 
is dependent on the capacity of the salt to precipitate the colloids 
of the protoplasm has been put forward recently by Kahho (1921 d). 
This worker finds (1921 a, 3) that the influence of salts on the 
coagulation of cell colloids by heat runs parallel with the penetra- 
bility of the salts as determined by the plasmolytic or tissue extension 
methods. The series obtaiued when kations and anions are arranged 
in order of their penetrability have been stated in the last chapter. 
These series are the reverse of the lyotropic series indicating order 
of capacity for precipitating proteins. If kations and anions are 
arranged in order of toxicity or of capacity for coagulating plant 
protoplasm, they fall into the same reverse lyotropic series (Kahho, 
1921 h) while kations of the heavy metals appear to conform to the 
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same rale (Kahho, 1921c). Kahho explains all these relations on 
the view that toxic action depends on power of penetration, while 
power of penetration depends in inverse fashion on capacity for 
coagulating certain of the cell colloids, probably the lipoid con- 
stituents of the protoplasm. Thus the reason why a calcium salt 
reduces the toxicity of a sodium salt is that the calcium coagulates 
the lipoid constituents of the limiting layer of the protoplasm, which 
according to Hansteen-Cranner (1919, 1922) penetrates into the 
interstices of the cellulose-pectin (“ cellulose-hemicellulose ”) colloidal 
network of the cell wall. This coagulation of the lipoid constituents 
renders the outer layers of the protoplasm less permeable to the salts 
in the external solution so that the entrance of these salts with their 
consequent toxic action is prevented and the coagulation of the 
proteins of the protoplasm is thereby prevented. 

This theory is attractive and Kahho marshals his own experi- 
mental data well in its support and adduces a number of observations 
by other workers as evidence on behalf of his theory. It must never- 
theless be admitted by an unprejudiced critic that the experimental 
basis of the theory is still rather frail, the essential facts, namely, 
those relating to the actual penetration of different salts, having 
been obtained by the tissue extension method of LundegS,rdh, the 
validity of which, for reasons advanced in an earlier chapter, is open 
to a certain degree of doubt, and which should certainly be confirmed 
by means of other methods of determining salt absorption. Consider- 
ably more work on the location and properties of the cell coUoids in 
the actual species used would also appear desirable. 


{To be contimie^ 
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Introduction 

O bservations have been carried out by us for several seasons 
on the periodic changes which occur in the organisation of the 
cells and the physical conditions of the saps of winter evergreens in 
Northern Alberta. On account of the long winters and the extremely 
low temperatures to which the leaves are resistant, observations in 
N.W. Canada are of interest; for as far as we are aware no observa- 
tions have been carried out on evergreen leaves under these conditions. 

The work of Lidforss(i) on the winter evergreens of Sweden 
although containing much information as to the changes in the 
reserve materials and the causes of immunity to cold, does not deal 
with the physical conditions of the sap; in addition the length 
and severity of the Swedish winter does not compare with the 
winters of Northern Alberta. 

In a previous paper(2) four native plants were examined through- 
out the winter, attention being directed to the osmotic pressures, 
Phyt. XXII, 5 . , ^5 
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electrical conductivities and sugars of the sap. Records were also 
made of the structure of the cells in the leaves of winter evergreens 
during the winter period. 

The present paper deals with the same features during the spring 
conversion from the winter condition, particularly with regard to 
the causes affecting conversion. 

Meteorology 

A brief description of the conditions of the winter may be of 
interest. The daily temperatures from January i to April 30 are 
shown on page 227. The winter of 1919-20 was longer than usual. 
Snow and zero (F.) "weather began in the third week of October. Long 
and frequent snowfall resulted in a covering of over 8 feet in March 
and the soil was not uncovered until the second week in April. In 
some districts the ground was still snow-covered at the middle of 
May. Winter weather conditions thus overlap the seasonal changes 
in the leaf cells of Picea during this year. This is a point of great 
interest, as the change from winter to summer conditions started 
during the cold spell early in April when minimum temperatures of 

14° F. were experienced and when the maximum was always below 

30° F. 

Measurements from the graph (p. 227) indicate that of the area 
enclosed by the minimum temperature curve only 0*4 per cent, was 
above 32” F. and of the maximum temperature curve only 17 per 
cent, was above 32° F. during the period January 1 to April 30, 

Physical Conditions of Leaf Sap during Conversion 

Some features of the differences in the cell organisation during 
winter and summer were described by us in a former paper (2). These 
observations were extended during the next year, especial attention 
being paid to the physical conditions of the cell at the time of the 
spring change. 

Readings were begun during early March and were continued 
until the end of April, the spring change having occurred about 
April 5. They are recorded in Table I. The sap after being extracted 
by the methods described in a former paper(2), was filtered, and the 
A and conductivity determined immediately after extraction by tlie 
Kohlrausch method. The viscosity of the sap was measured with an 
Ostwald viscosimeter mad the .conductivities corrected for viscosity. 
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Table! 

Conduc- 






tivity 

Water 





Vis- 

X 10® corr. 

content 


Date 

A 

P 

cosity 

for vise. 

% 

Condition of cells 

Mar, 9 

1-560 

18-76 

2-0 

1006 

55-0 

Winter condition 

„ 12 

1-820 

21-88 

2-2 

675 

54-7 


.. 15 

1-701 

20-45 

3-0 

1083 

51-3 

» 

„ 22 

1-725 

20-74 

3-0 

1044 

— 


27 

1-858 

22-34 

2-48 

897 

— 


April I 

1-830 

22-00 

3-0 

1050 

. — 


6 

1-777 

21-36 

2-5 

867 

53*1 

Minute quantities of starch. 

.. 7 

1-887 

22-67 

3-3 

1072 

49-3 

„ 

» 13 

1-781 

21-66 

2-76 

816 

48-7 

n i , 

» 17 

1-797 

21-59 

3-30 

917 

— 

Increased quantity of starch. 
Contents of cell still localised 

» 29 

1-380 

16-60 

2-64 

844 

60-4 

Larger amount of starch. 
Cells in summer condition 

May 6 

1-493 

17-96 

2-70 

852 

51-0 

As on April 29 


The atmospheric pressure P is the value corresponding to the 
observed A given in the tables published by Harris and Gortner ( 3 ). 

As regards the osmotic pressures it will be observed that after 
maintaining a remarkable uniformity, a decided drop occurred at 
the time the cells began to pass into the summer condition. A 
marked drop in the total sugars in the sap was recorded in 1919 at 
this time (2), but a partial recovery both in osmotic pressure and 
sugar content appears to take place at the be^nning of summer. 

The water content of the tissues may be partly responsible for 
the change in pressure, but the evidence for this is not conclusive. 
The water content appears generally to diminish during late winter 
and rise again when photosynthesis and transpiration become active. 
But material fluctuations occur for which light and temperature may 
be responsible; for example, on April 7 and 13 the water content 
was 49-3 and 48*7 respectively. This was during a period of moderate 
warmth when the day temperature varied between 40° to 55° F., 
whilst the night temperature dropped to about 20° F. and the cells 
were already in the state of change from winter to summer con- 
dition. On April 29 the water content had risen to 60-4 per cent. 
This was during a warm period when both absorption from the soil 
and transpiration were exceedingly active. The drop to 51 per cent, 
on May 6 was probably due to excessive transpiration, as daily 
temperatures of 70® F. were then recorded, with a hot dry wind. 

The viscosity of the sap varies from 2-5 to 4 at different periods. 
Thus a considerable correction has to be applied to the conductivity. 
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This was not done in a previous paper, neither was the viscosity of 
the sap considered by Dixon and Atkins in their earlier work ( 4 ). 

Conditions affecting Conversion 

In 1919 the change from the winter condition in the organisation 
of the cells and the first appearance of starch began to take place 
on April 7. The stages in the gradual re-formation of the chloroplasts 
and their movement from the region of the nucleus and the appear- 
ance of starch, were described by us in a former paper (2). 

One of the most suggestive features is the apparent want of 
connection between the first appearance of starch in outside material 
and the daily temperature curve. Examination of the graph shows 
that from March 29 to April 7 the maximum temperature never rose 
above freezing-point and on April 3 a minimum temperature was 
recorded of — 15° F., yet on the afternoon of April 5 the first trace 
of minute starch grains could be demonstrated with the use of 
iodine and chloral hydrate. Leaves had been examined daily for 
some two weeks previously, and more frequently as the suspected 
time of conversion approached, but no trace of starch could be 
demonstrated with the use of iodine and chloral hydrate; material 
outside still began to form starch at a certain date, although the 
temperature never rose above 32" F. and fell to — 15° at night. 

The evidence strongly suggests a certain rhythmic change, inde- 
pendent, as regards its initiation, of external factors such as tem- 
perature. This is supported by an examination of coniferous material 
in the neighbourhood of Edmonton, at 2240 feet, and from altitudes 
up to 6500 feet in the Rocky Mountains, The date of the change 
from winter to summer condition in Picea canadensis was the same 
in trees grown at Edmonton, and at Banff at an altitude of 4600 feet. 
It was found that Picea Engehnanni (Parry) Engelm. from 6400 feet, 
AUes lasiocarpa (Hook.) Nutt, from 6400 feet, Pinus Murray ana 
Balf, from 4600 feet, Pinus albicaulis Engelm. from 6500 feet, all 
in the neighbourhood of Banff, showed the same changes in the 
reorganisation of the chloroplasts and the appearance of starch at 
the same date as white spruce material at Edmonton, where spring 
conditions are at least six weeks in advance of the sub-alpine zone 
in the mountains. But temperature evidently acts as an accelerator 
for it was not until April 29 that outside material showed as much 
starch as that obtained from material exposed to laboratory tem- 
perature for 24 hours on April 5. It is suggested that an activator, 
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such as a hormone, may be responsible for initiating the change and 
further work to test this hypothesis will be carried out 

Sinnott ( 5 ) has recorded’ the fact that change of temperature alone 
is quite insufficient to account for the seasonal change in food 
reserves and records that these changes occur in trees growing in the 
frostless area of the Gulf of Mexico. 

Further it has been found that the position of the chlorophyll in 
the cell varies with the temperature. At moderate temperatures of 
about 0° F. the chlorophyll remains irregularly diffused in the cell, 
but showing a tendency to collect in the neighbourhood of the 
nucleus. At extremely low temperatures of — 20® F. or below, it 
becomes closely retracted round the nucleus, whatever position the 
latter may take up in the cell, to such an extent as completely to 
mask the nucleus. On a rise of temperature the chlorophyll, tends 
again to become more di-ffuse, although the change of position may 
take more than 24 hours. 

The browning of the chlorophyll during the winter season is a 
very marked feature, and it is even noticeable in leaf sections under 
the microscope as well as in the foliage. 

Experiments have been carried out to ascertain what part, if 
any", light plays in the conversion of the chlorophyll from the winter 
to the summer condition as well as the first appearance of starch in 
the spring. For this purpose a number of branches of Picea were 
covered during February and March with bags of closely-woven 
black material made in double thickness, the mouth of the bag being 
tied tightly round the branch. Trees were selected growing in different 
aspects, some exposed to sun and others in a shady position on the 
northward facing slopes of the Saskatchewan Valley, Some of these 
observations are recorded in Table II. The light-tight covering was 
placed on lateral branches of the same main branch used as a control, 
so that in all cases tire experiment and control were side by side. 
Leaves were withdrawn for examination during February, March 
and April without the bags being removed. 

No change took place either in experiment or in control until the 
critical date of April 5, when starch appeared both in leaves exposed 
to the light and those in darkness. ■ 

Both in laboratory experiments described in a former paper (2) 
and in field experiments, the first-formed starch in the spring is not 
the direct result of carbon assimilation, as it appears in the dark at 
the same time and in the same amount as in leaves in light. 

Complete reorganisation of the chloroplasts in the field expert- 
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ments did not take place until the beginning of May and at this 
period no distinction could be recognised between the experiments 
and controls. In both cases the chlorophyll had changed from the 
winter brownish yeUow colour to the normal vivid green and the 
chloroplasts had become completely reorganised with normal 
grouping in the cells. 

The regularity of these changes regardless of the influence of 
light and the first appearance of starch at temperatures below the 
freezing-point are interesting features. 

Table II 


Condition of the chloroplasts and the appearance of starch in 
light and darkness 


Date Location 
1930 in 

Material 

Condition of the chloroplasts 

Starch 

Oil 

6. iv. Shade 

Covered Mar. 23 

As in winter 

Small amount 

Abundant 

6. iv. „ 

In light 

»’ ” 

Abundant with chloral 


12. iv. „ 

Covered Mar. 23 

Mostly distinct, frequently 


12. iv. „ 

13 . iv. Sun 

In light 

localised around nucleus 

As in covered material 

hydrate and iodine 
Abundant with iodine 


Covered Mar. 33 

Faint, but evenly distrib- 
uted, generally distinct 
Rather less organised than 

Abundant with chloral 


13 . iv. „ 

In Hght 

hydrate and iodine 
Abundant with iodine 


4. V. Shade 

Covered Mar. 23 

in preceding 

Chloroplasts fully formed 

Trace with iodine, abun- 


4. V. „ 

„ Feb. I 

dant with chloral hy- 
drate and iodine 
Abundant with iodine 


4 ,v. „ 

In Hght 


and chloral hydrate 
Abundant with iodine 


as- V. 

Covsced Feb. 10 

» » » 

Small amount with 

97 




chloral hydrate and 
iodine 



Observations have been carried out every year since 1920-1 and 
the changes recorded in a former paper (2) have been substantiated 
and furtlier facts brought to light. The change from summer to 
winter condition seems to be very gradual. On October 28 the 
contents of the mesophyU cells were tending to become localised. 
The chloroplasts, still definite in outline, were crowded round the 
nucleus in which the chromatin was very distinct, indicating the 
progress of rapid chemical changes in the cell. Cells examined during 
November and December showed the chloroplasts becoming less 
distinct in outline until in many cells no trace of their form could 
be distinguished. The extreme winter condition was observed in 
cells examined on January 26. At this time the green colour was 
confined to a small portion of the ceh, while the major portion was 
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occupied by fat. A variation was observed in different cells, some 
showing a greater disorganisation of the chloroplasts than others, 
but a definite outline was not observed at any period when exposed 
to low temperature. 

Summary 

1. Osmotic pressures, electrical conductivities and viscosities of 
the sap and the condition of the leaf cells of Picea canadensis hoNe 
been determined through the period of change from winter to 
summer condition. 

2. There is a rapid drop in the osmotic pressure from the winter 
level of over 20 atmospheres to 16 or 17 atmospheres at the date 
when the leaf cells pass from the winter to the summer condition, 

3. The initiation of conversion from the winter to the summer 
condition is independent of a rise of temperature, starch having first 
appeared on April 5, 1920, after a period of six days, when the 
maximum temperature remained below 32° F, and minimum tem- 
peratures of — 14° F. were experienced. 

4. Material of other conifers from an elevation of 6500 feet in 
the Rocky Mountains shows conversion at approximately the same 
date as that from the Edmonton district at 2240 feet. 

5. Reorganisation of the chloroplast, migration of the chloro- 
plast from the nucleus, and changes in the chemistry of the pigments, 
take place in darkness at the same time and to the same extent 
as in light. 

6. The first appearance of starch in the cells takes place in 
darkness as well as light and at temperatures below freezing-point. 
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PRIMULA VULGARIS VAR. CAULESCENS 

By miller CHRISTY, RL.S. 

I N a recent paper on the British Hybrid Primulas, I stated’- that 
the "Common,” "False,” or "Hybrid” Oxlip (P. veris x vulgaris) 
had been known, among other names, as P. vulgaris var. caulescens 
This statement was correct so far as it went, but I should have 
added that it was correct only because the hybrid in question has 
been confused persistently with another plant — similar, but quite 
distinct — to which the name in question rightly belongs. That other 
plant is a variety [not a hybrid) of the Common Primrose (P. vulgaris) 
and is met with occasionally wherever that plant occurs. 

The resemblance between the two plants is sufficiently close to 
account for their having been frequently confused. I myself had 
been for years quite familiar with both before I clearly realised that 
they were essentially distinct. Yet the points of difference between 
them, though slight, are, when once recognised, sufficiently marked 
to enable anyone who has the two plants before him in the fresh 
state to discriminate between them with little or no difficulty®. 

The variety (to which, as stated, the name P. vulgaris var. 
caulescens rightly belongs) may be recognised by the fact that, 
though its flowers are borne in umbels, they are in all otlier respects 
of the pure Primrose type, having the tight-fitting calyx, the flat 
corolla-limb, and the pale yellow corolla, which are characteristic of 
that plant. Another feature of the variety is that its umbel is often 
irregular (some of the pedicels branching from the side of the pe- 
duncle, near its top, instead of all together from its top), and is always 
more or less lax and straggling, with a short peduncle and long 
pedicels. 

The hybrid (to which, as stated, the name P. vulgaris var, 
1 See Neiv Phytologist, 2 i, p. -zgg, ig22, 

® The name is that of Koch (Synops. FI. Germ, et Helvet. p. 587, I837), 

® This cannot be said of them, however, when in the dried state. Indeed, 
I doubt if anyone could discriminate between them with certainty when dried; 
for their leaf-characters are too indefinite to afford reliable guidance, even when 
fresh, and their distinctive floral characters, including the colour, are almost 
completely obliterated by drying, 
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caulescens is often applied in error) is the Common or Hybrid Oxlip 
(P. veris x vulgaris), which, though seldom abundant, is generally 
met with sporadically wherever its two parents, the Cowslip and the 
Primrose, grow in proximity, as they do almost everywhere^. Its 
characteristic features are less easy to point out, inasmuch as (owing 
to its hybrid origin) these are very variable. Thus, its flowers, though 
generally produced in umbels, are frequently single {i.e. acaulescent), 
like those of its primrose parent, and both forms of inflorescence 
often appear on the same plant. Even when the flowers are pro- 
duced m umbels, those umbels are generally more or less lax and 
straggling, showing little trace of the well-marked one-sided droop 
of the umbel of its cowslip parent. More reliable features are to be 
found in the actual flowers, which are always intermediate in 
character between those of the plant’s two parent species. Thus, the 
widely-inflated calyx of the cowslip is generally, if not always, more 
or less apparent. Again, the sharp ridge or fold, with notches in it, 
in the throat of the corolla-tube (which is always apparent in the 
flowers of the cowslip) is, I believe, always present. Their colour is a 
fairly-good criterion; for the flowers of the hybrid are never, I 
believe, of the pale yellow colour of the primrose, the deeper yellow 
of the cowslip being always more or less dominant. 

That pure (unhybridised) plants of the primrose bearing their 
flowers in umbels really do occur in the natural state was recognised 
as long ago as 1792, when Thomas Martyn, F.R.S., wrote*: "We 
have sometimes met with a primrose in a wild state pushing up a 
scape which sustained several flowers differing in no respect from 
the ordinary sort, except in this circumstance." Since that time, 
the occurrence of the caulescent variety of the primrose and its 
distinctness from the hybrid between that plant and the cowslip 
has been fully recognised by not a few English botanical writers, 
but overlooked by as many others. The distinctness of the two 
plants has been more generally recognised by French botanists, 
though many of them also have confused the two. Thus, Godron, 
after mentioning* that he has met with the variety in France, 
"quoique tr^ rarement," adds: "nous distinguons positivement le 
Primula variabilis \i.e. P, veris x vulgaris] de la forme caulescente du 
Primula grandiflora [== P, vulgaris].’* Again, Mons. E. Legue, after 
speaking of the hybrid^ says: "il existe bien une forme caulescente 

^ See Nm Phytohgist, 21, p. 299, 1922. 

® FI. RusUca, p- 62, 1792. 

* Bull. Soc., Bet Framie, 10 , pp. 179-180, 1863. 

* 29 , p, 153, 1882. 
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du P. vulgaris, _ma.is elle est tr^ rare et je I’ai toujours vue la 
hampe tres conrte et les p6dicelles tr^s allongu^s^." 

One strong proof that the caulescent or umbellate variety of the 
primrose is not due to any crossing with the umbellate cowslip is to 
be found in the fact that the variety occurs in districts from which 
the cowslip is absent; so that there can be no possibility of hybridisa- 
tion. 

Thus, my friend the late Mr E. A. Fitch, of Maldon, Essex, 
when sending me, in April, 1905, specimens of the caulescent prim- 
rose which he had found in Hazeleigh Wood, near that town, re- 
marked that their umbellate flowers could not be ascribed to 
hybridisation with the cowslip, inasmuch as no cowslips were growing 
(he believed) nearer than a certain Paigle Mead, in Woodham Walter 
parish, quite two miles and a half distant — ^indeed (he added), as far 
as he knew, there were no cowslips in the whole Essex Hundred 
of Dengey, the soil of which, being almost exclusively London 
Clay, lacks the lime which the calciphile cowslip demands. Similar 
evidence is forthcoming from France. Mons. Aug. le Jolis, of Cher- 
bourg, says 2 that he has never met with the hybrid oxlip (P. veris 
X vulgaris) in his neighbourhood®, from which both cowslip and 
(true) oxlip are absent, but he says he has met with the caulescent 
variety of the primrose at Urville and at Octeville, adding "j’y ai 
observe souvent des formes oh la hampe 6tait accompagn^e de 
pddoncules radicaux uniflores.” Again Mons. E. Lebel has described* 
specimens of the variety which grows with primroses of the normal 
form among mowing-grass on the slope of u sea-cliff at Lestre 

^ It should be noted that the caulescent variety of the primrose described 
above is usually much nearer to, and more difidcult to distinguish from, the 
hybrid between the oxlip and the primrose (P. elatior x vulgaris’, see auts, 
p. 234) than from the hybrid between the cowslip and the primrose (P. veris x 
vulgaris). Indeed, the two are scarcely to be distinguished, except by a critical 
botanist who has seen both actually growing. The oxlip x primrose hybrid, 
like the cowslip x primrose hybrid, bears its flowers both singly and in 
umbels (both forms of inflorescence frequently appearing on the same root, as 
might be expected in view of the plant’s parentage), and these flowers are 
always of a pale yellow (the colour of both its parents). Its most pronounced 
points of difference from the caulescent primrose are tiiat its umbels are even 
more loose and straggling; the peduncle is usually very short; and both it and 
the pedicels are very hirsute. The oxlip x primrose hybrid is, however, very 
scarce in Britain, being met with only where the two parent species come into 
contact on the extreme margin of the limited area in the eastern counties to 
which the oxlip is confined. 

® See Mim, Soc. Sci. Nat de Cherbourg, 7 , p. 312, i860; also Btill. Soc. 
Bot de France, 8, p. 629, 1S61. 

® He speaks of it as P, variahilis Goupil, ife usual name in France. 

* Bull. Soc. Bot de France, 11 , pp. 88-91, 1864. 
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(Manche), a locality he has known and visited annually for seventeen 
years. During that time, the plant, which bears its flowers in loose 
umbels and occasionally singly, has (he says) maintained its char- 
acter. That the plant cannot be a hybrid is proved by the fact that 
Mons, Lebel has never seen a cowslip in the vicinity, the nearest 
locality for it being (he believes) 18 kilometres distant. 

That an ordinary pure-bred acaulescent (single-flowered) prim- 
rose plant should produce caulescent (umbellate) flowers must be 
due, of course, to some special cause, and that cause appears to be 
usually some sudden and disturbing change in the plant’s conditions 
of growth or abnormality in its environment. As to this, the late 
Rev. E. A. Woodrufle-Peacock wrote^: 

I have come to the conclusion, from experiments [? observations] 
in woods and gardens, that the caulescens form of P. vulgaris has 
nothing at all to do with hybridity, but is merely a forced abnormal 
state. [I have observed it, he goes on] only where sudden change 
has taken place, as a fall of trees in woodland or a sudden change 
in garden cultivation. 

I cannot recoUect having ever observed that the cutting down 
of a wood containing primroses induces them to produce caulescent 
flowers, though I have seen much in Essex of the effects of that 
process in stimulating the growth and free flowering of the plants ; 
but it seems likely that the change in question may be thus produced. 

That the primrose may be induced by cultivation to produce 
caulescent (umbellate) flowers seems certain — ^is, indeed, commonly 
seen. As long ago as 1790, William Curtis wrote of the primrose ^ 
that "the plant, when cultivated, will sometimes throw up a stalk 
similar to that of the Polyanthus; and of this my very good friend 
Dr Buxton, of Greenwich, has favoured me with a striking instance.” 

Mr Charles Nicholson writes®: 

The umbellate form of the primrose (var. caulescens) is simply 
an example of the lengthening of the peduncle, which is... only 
developed as such occasionally. 

I believe this phenomenon (the caulescent truss) to be commoner 
in some seasons than others, and it is probably regulated by weather 
conditions. At any rate, it is very uncertain in its appearance. 

I have found that plants of this form, when transplanted to the 
garden, have reverted to the ordinary form in the next year. I have 
been told, on the other hand, of ordinary primrose plants having 

^ In a letter, dated October 14, 1910, to Mr Charles Nicholson. 

® FI, Londin, 6, p. 16, ? 1790 (see also Withering, BriL Plants, 2 , p. 233, 

1796). 

® Gardener's Chron. June 18, 1921, p. 301. 



Primula vulgaris var. caulescens 237 

developed the caulescent form in a garden in one season only, there 
being no cowslips or oxlips an3^here near. 

Prof. J. W. Heslop Harrison, of Newcastle-on-Tyne, has favoured 
me with the facts of a case in which growth in an extremely-wet 
situation was, apparently, the actuating cause which led certain 
primrose plants to produce caulescent flowers. In the north of 
England, he says, he 

once found several plants with very-pronounced stalks growing in 
a waterfall. These, when removed to the garden, promptly reverted 
to the ordinary form and remain so now. I cannot [he adds] con- 
ceive of these plants being hybrids. The strange habitat and other 
points are against it. 

It is, I think, easy to understand that an excess of moisture might 
induce the primrose, a marked lover of moisture, to develop its 
latent peduncle; and the fact that the plants in question reverted 
to the normal (acaulescent) type of inflorescence when removed to 
a drier situation seems strongly to support this view. 

Further, there seems good reason to believe that this tendency of 
the primrose to produce caulescent (umbellate) flowers in cultivation 
is, for some reason, specially marked in the western parts of England 
andWales. Thus, Lady Thistleton-Dyer writes^: “Nearly all the garden 
primroses have a tendency here to become polyanthus^. Even the 
blue primrose, which is from a plant divided up, has few single 
flowers now.” Again, in Pembrokeshire, where the red variety of 
the primrose abounds and is frequently dug up by cottagers for 
removal to their gardens, Mr J. E. Arnett, of Tenby, informs me he 
has been told that plants so removed “grow like a polyanthus in 
two or three years.” There is other evidence^ to the same effect. 

It is, in any case, in no way remarkable that the primrose should 
be very ready, under stimulation of any kind, to produce its flowers 
in umbels; for there can be no doubt that this is no more than a 
reversion to an ancestral form of inflorescence. The plant belongs to 
a. large and widespread genus, comprising at least 250 described 
species, practically all of which bear their flowers in umbels. Indeed, 
it is easy to satisfy oneself that the flowers of the primrose, though 
apparently borne singly, are in reality home in umbels; for examina- 
tion of any plant when in full flower wiU show that the pedicels on 
which its flowers are borne all spring from one or more definite 

^ In a letter, dated May 15, 1922, to Mr Charles Nicholson. 

Here, clearly, the word is used adjectivally in its literal sense of many- 
flowered: not as the name of the particular many-flowered primula commonly 
known as "the polyanthus,” 
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points on the rootstock {i.e. the short compact stem from which 
leaves and flowers arise), at or slightly below the level of the ground^. 
Often as many as eight or ten pedicels spring from one of these 
points, each having at its base a long narrow lanceolate bract, 
10-12 mm. long and about i mm. broad at the base. It is, therefore, 
correct to say that the flowers of the primrose are borne normally 
in umbels — that is, in sessile umbels, the scape or peduncle having 
been suppressed. The umbel is complete, even to the bract which, 
in the other umbellate species of the genus, appears at the top of the 
peduncle, on the outer side of the base of each pedicel. 

The caulescent or umbellate variety of the primrose is, therefore, 
merely a variety in which the plant has developed the peduncle, 
usually suppressed, thereby reverting to an earlier form of inflores- 
cence. But why a tendency to this reversion should be more pro- 
nounced in one district than in another (as seems to be the case) is 
by no means easy to explain. 

P.S. — Since the foregoing was written. Prof. J. W. Heslop 
Harrison has informed me that, in the north of England, he has 
sometimes met with a plant which, though distinct in origin from 
the caulescent variety of the primrose, resembles that plant so 
closely that it could probably not be distinguished from it by even 
the most careful external examination — and this is a back-cross 
between the hybrid oxlip and tlie primrose (namely (P. veris x vul- 
garis) X P. vulgaris). 

I have never seen (or, at all events, have never recognised) this 
hybrid in the south of England, where, indeed, I doubt its occunrence ; 
but Prof. Heslop Harrison has proved its existence in his district 
by means of cytological tests®. He has also produced it by artificial 

^ Curtis’ denial {FI. Londin, 6, p. 16, ? 1790) that this is the case must have 
been due to an error of observation. 

® In the south, the ordinary hybrid oxlip (P. veris x vulgaris), though it 
occurs wherever its two parent species grow in proximity, is always scarce 
and sporadic {see ante, 21, p. 299) ; but, in the north, it occurs in places quite 
abundantly. Thus, tlie late J. G. Baker writes of its two parents (see Journ. 
Roy. Hort. Soc. 7 , p. 212) that “you cannot go into any field in the north of 
England without seeing that they do hybridise most fully [? freely].’’ In 
Northumberland and Durham, Prof. Heslop Harrison informs me that the 
hybrid oxlip is, in places, extremely abundant, especially on the Magnesian 
Limestone on the coast, whence “countless” plants may be obtained. The 
reason for the exceptional local abundance of this hybrid is, he says, the 
prevalence in early spring of cold north-east winds, which greatly retard the 
flowering of the primrose, especially on the coast, causing the flowering-times 
of it and the cowslip to synchronise much more nearly than elsewhere: hence 
more frequent hybridisation between them. 
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pollination in the garden. Those plants he has examined had all 
developed some giant pollen-grains — one of the recognised indications 
of hybridity. 

In regard to the flower of this back-cross hybrid: Prof. Heslop 
Plarrison says that it presents points of difference from that of the 
caulescent variety of the primrose, but that, having never had 
flowers of the two plants in hand together for purposes of comparison, 
he is unable to state exactly in what respects they differ. His 
impression is, however, that, in the caulescent variety, the individual 
flowers are slimmer than those of the back-cross hybrid and are 
borne on longer stalks. 

But the fact that this back-cross hybrid (which probably does 
not occur everywhere) undoubtedly exists in no way alters the 
status of the caulescent vmety of the primrose dealt with above, 
though it certainly adds to the difficulty in distinguishing it. 


PERMEABILITY 
By WALTER STILES 
CHAPTER XIV (continued) 

THEORIES OF CELL PERMEABILITY (continued) 

The Viscosity Theory 

It has been suggested by Spaeth (1916) that the permeability of 
the plasma-membrane is determined by its viscosity, which is itself 
determined by the degree of dispersion of the coUoids contained in 
it. On this view increased permeability is to be regarded as due to 
increase in rate of diffusion consequent on decrease in viscosity (cf. 
Chapter iv). 

This theory must be regarded as a solution theory of permeability, 
as it regards permeability as determined by diffusion through the 
plasma-membrane; it does not, however, define the chemical com- 
position of the plasma-membrane and so might be applicable to any 
solution theory of permeability. 

A consideration of the state of affairs postulated by the viscosity 
theory shows how the ultraflltration and solution theories can be 
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brought into harmony, for if the protoplasmic layer determining 
permeability is a viscous sol or gel, the rate of penetration of a sub- 
stance through the gel wUl, according to the formula of Einstein, 
Sutherland and von Smolukowski, depend on the size of the molecules 
as well as on the viscosity, and it is reasonable to suppose that 
molecular aggregates above a certain size may not be able to diffuse 
through the spaces between the particles of the disperse phase of the 
gel. Such considerations lead on to the whole question of the nature 
of solution into which we cannot enter here. 

A number of objections to Spaeth's theory have been raised by 
Osterhout (1916 a), chiefly based on the fact that changes in viscosity 
of Laminaria thaUus produced by placing this tissue in mixtures of 
sodium and calcium chlorides do not run parallel with changes in 
electrical resistance. What appears to the writer to be a very strong 
argument against the viscosity theory is that the changes in viscosity 
of a gel are scarcely great enough to account for any great differences 
in permeability (cf. Stiles and Adair, 1921). 

The theory of antagonism advanced by Osterhout (1916 d) 
assumes, as we have seen, that the permeability is inversely pro- 
portional to the electrical resistance of a cell, and that the resistance 
is proportional to the quantity and the thickness of a particular 
substance in the protoplasm. While this theory would not be incom- 
patible with a viscosity theory, inasmuch as the re'sistant substance 
might be a viscous one through which substances entering the cell 
had to diffuse, there are other possibilities. Thus, the substance to 
which the cell owed its resistance might be impermeable to entering 
substances, so that with increase in the relative amount of the im- 
permeable substance the proportion of the protoplasm (or plasma- 
membrane) through which material could enter would be smaller, and 
hence permeability would be reduced. In such a case the question 
of the correctness of a sieve or solution theory is left untouched. 

The Phase Inversion Hypothesis 

To account for the supposed action of various electrolytes on cell 
permeability, Clowes (1916 a, h, c; 1917 a, h, c) also makes use of the 
colloidal character of protoplasm. As protoplasm can be regarded 
as an emulsoid colloidal system, there will be a continuous phase of 
one composition (dispersion medium) through which is dispersed at 
least one other phase, the particles of which are not continuous. 
Clowes supposes changes in permeability are brought about by the 
continuous and discontinuous phases changing places, as is supposed 
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to happen when a gelatin or agar sol sets to a gel. In this way a 
substance which could not diffuse through the continuous phase owing 
to insolubility in it might be able to diffuse through the discontinuous 
phase but would not be able to enter the cell because of the discon- 
tinuity of the disperse phase. With inversion of the phases, penetration 
would then take place at once. The hypothesis would be equally appli- 
cable to a solution or a chemical combination theory of permeability. 

Clowes produces support for his theory from experiments on the 
effects of sodium hydroxide and calcium chloride in producing phase 
inversion in emulsion systems of ohve oil and water, which are com- 
pared with the effects of these substances on protoplasmic permeability. 

Free (1918) has subjected this hypothesis to some criticism. He 
points out very rightly that such a hypothesis suggests that per- 
meability changes would be sudden, and even if it were assumed that 
the protoplasm (or plasma-membrane) were in a state of mobile 
equilibrium so that parts of it were in one state and other parts in 
the inverse condition, with frequent alteration in the relative quantity 
of the two parts which is the state of affairs Clowes appears to suggest, 
the balance would in all probability be very easily upset so that the 
whole of the protoplasm would go to one or other of the conditions. 

A further weakness of the hypothesis is the absence of any direct 
experimental evidence in its support, for the bearing of experiments 
with olive oil-water emulsions on cell permeability are, as Free 
suggests, rather dubious, as such emulsions are not generally present 
in cells, 

Lloyd and Free’s Colloidal Hypothesis 
The hypothesis of protoplasmic permeabihty put forward by Free 
(1918) and earlier suggested by Lloyd (1915) bears certain points of 
resemblance to the two hypotheses just discussed. These writers also 
start out from the supposition that the protoplasm consists of an 
eraulsoid colloidal system. It is further supposed that two (at least) 
of the liquid phases of protoplasm differ importantly only in the pro- 
portions of water which they contain. Changes in permeability are 
supposed to be due to changes in the distribution of water between 
the continuous phase (dispersion medium) and the discontinuous 
(disperse) phase. Wlien the globules of the disperse phase are large 
the spaces between them will be small, and vice-versa, a substance 

diffusing through the continuous phase vwU travel faster or slower 
according to the dimensions of the spaces. Solubility in the disperse 
phase alone, and not in the dispersion medium, would, of course, not 
permit the penetration of a substance. 

Phyt. XXII. 5. 16 
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A powerful argument against this hypothesis, as against the vis- 
cosity hypothesis of Spaeth, which it may indeed be regarded as 
including, is that actually such changes in the relative quantities 
of water in disperse phase and dispersion medium do not appear to 
produce any very great change in the rate of diffusion of substances 
through a colloidal system. What appears to be essentially a modi- 
fication and elaboration of this hypothesis will be mentioned at the 
end of this chapter under the head of electrical theories, 

Trondle’s Theory of Protoplasmic Irritation 

It has already been noted that from data obtained by a deplasmo- 
lytic method Trondle concluded that the rate of intake of a salt is 
at first independent of the concentration of the salt, and that after 
about the first ten minutes of exposure to the salt the rate of intake 
falls off according to a logarithmic relation. From this Trondle con- 
cludes that salt intake takes place by the salt irritating the proto- 
plasm which responds by convejdng the salt into the vacuole. After 
the first ten minutes the protoplasm exhibits fatigue, and salt intake 
falls off according to Weber’s law. 

TrSndle (1920) considered that he had obtained confirmatory 
evidence of the correctness of this theory from the fact that if cells 
are treated with a dilute solution of a narcotic before immersion in 
the salt solution, the intake of the salt is retarded or even completely 
inhibited. The narcotic is supposed to prevent the participation of 
the protoplasm in the absorption process and in consequence the salt 
is not taken up. On the other hand, when the protoplasm is rendered 
inactive by preliminary treatment with dilute acid (o-oi N oxalic 
acid or 0*005 ^ hydrochloric acid) for five minutes, according to 
Trondle the intake of salt is then proportional to the concentration 
of the salt, thus obeying Pick’s law, although his figures do not appear 
to support this assumed relation. 

In an earlier chapter reasons have been given for not accepting 
the conclusions of Trondle with regard to the course of absorption. 
But even if the results were acceptable, the only legitimate conclusion 
that could be drawn from them with regard to the mechanism of salt 
absorption would be that the passage of salt, during the first ten 
minutes, did not take place by simple diffusion in a solvent, so that a 
solution theory of permeability to salts would be inadmissible. To con- 
clude that a phenomenon of stimulation is in question simply because 
after ten minutes the intake of salt falls off with time according to 
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a logarithmic relation, appears to be completely unwarranted. The 
same result would be expected, if, after the first ten minutes, the 
intake of salt were a simple diffusion process governed by Pick’s law. 
Clearly no part of Trondle’s theory can be accepted. 

The Adhesion Theory 

J. Traube, in a long series of papers (1904 a, h, c, igo8, igio a, b, 
1911, 1913 a, h, c, 1919), has put forward a ‘theory of permeability, 
the essential feature of which is that the capacity of a substance to 
diffuse into a cell depends on the extent to which it lowers the surface 
tension of water in contact with air. In the papers of Traube cited, 
the evidence for this will be found. The arguments against the 
adhesion theory are two, and they are fatal. In the first place the 
measurements of surface tension made by Traube are against air, 
whereas what is actually concerned is the surface tension of the 
solution (that in the cell wall in the case of plants) against protoplasm. 
There appears to be no direct relation between the surface tension 
of a liquid against air and its surface tension against another liquid, 
and there is no known way of calculating it. In the second place, as 
pointed out by Collander (1921), the measurements of Hober (1914, b) 
and, indeed, of Traube and Kohler (1915), show that whereas a great 
difference exists between acid and basic dyes in regard to their 
absorption by plant cells, there is no constant distinguishing difference 
between the two groups as regards the surface tension of solutions 
of them against air. Under these circumstances it does not appear 
worth while to discuss the theory in any detail. 

The extension of Traube’s theory in which the adhesion of the 
constituents *of the protoplasm is also supposed to influence the per- 
meability, must, as pointed out by CoUander, if it is to have a definite 
meaning, attribute permeability either to the solvent or adsorptive 
properties of the protoplasm. In the first case it becomes a solution 
theory, in the latter an adsorption theory as described below. 

Chemical Combination and Adsorption Theories 

A number of writers have held that some substances enter living 
cells by means of adsorption or chemical reactions. The substance 
combines chemically with, or is adsorbed by, a constituent of the 
protoplasm (or plasma-membrane). This disturbs the equilibrium 
between different cell constituents, with the result that the chemical 
or adsorption compound breaks down again and the substance is 
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released on the other side of the plasma-membrane or combines or 
is adsorbed by some other cell constituent according to the molecular 
affinities of the various constituents. 

Pauli (1904) appeared to consider that salts were absorbed by 
their combining chemically in this way with the plasma-membrane, 
and the same opinion was held by Traube-Mengarini and Scala (1909) 
working with algae and protozoa. The work of Sziics (1910, 1911, 1912, 
1913) appears rather tp suggest adsorption as responsible for the 
intake, and PantaneUi (1915 a, h, c, 1918) also lays emphasis on the 
importance of adsorption. 

It is to be observed that this theory can be applied equally well 
to a cell surrounded by a plasma-membrane and to one in which the 
protoplasm is approximately homogeneous, and indeed Moore (1921) 
and his co-workers (Moore and Roaf, 1908; Moore, Roaf and Webster, 
1912), who deny the existence of plasma-membranes, are supporters 
of this view. 

Sziics (1912) appears to think a combination of the lipoid theory 
and adsorption theory is possible, the intake of dyes and narcotics 
being explained by their solubility in fatty substances, while salts 
enter by adsorption or chemical combination. The relation between 
external concentration and the position of the equilibrium attained 
in the absorption of salts by some plant cells can be used in support 
of this view, but it must be mentioned that at least some dyes appear 
to follow the same rale (Redfem, 1922 b). 

Electrical Theories 

The great difference between acid and basic dyes in regard to 
their penetration into cells, and the assumed influence of acids and 
alkalies in influencing the intake of these dyes, has suggested the 
possibility that the electric charge on the plasma-membrane may be 
of importance in determining whether particular ions are absorbed. 
The theories propounded {e.g. Girard, 1914 a, 1919 a, h) are at present 
mostly vague, and the foundation of fact on which they rest insecure 
(cf. CoUander, 1921) so that a discussion of such theories in the present 
state of our knowledge would be scarcely profitable. It is not at all 
clear, moreover, whether such theories in the end do not resolve 
themselves into special cases of the adsorption theory of perme- 
ability. 

A theory of cell permeability combining an electrical theory with 
a colloidal theory closely resembling that of Lloyd and Free, has 
recently been propounded by Miss Haynes (1921), who assumes that 
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the plasma-membrane is a gel of which the more solid phase consists 
principally of amphoteric emulsoid colloids and the more liquid 
phase of a buffer mixture. At the iso-electric point the continuous 
phase will be in a state of minimum hydration and so will occupy 
a minimum volume, and also will be without charge. It will in con- 
sequence be most permeable in this condition. Above the iso-electric 
point the membrane will possess a positive charge and so will repel 
kations, while below the iso-electric point the membrane will have 
a negative charge and will therefore repel anions. Only in the 
immediate neighbourhood of the iso-electric will such a membrane 
be permeable to ions. Modification of permeability, brought about 
by the addition of various substances, will, on this theory, be due 
to changes produced in the reaction of the buffer mixture of the 
more liquid phase of the protoplasmic membrane, and the phenomena 
of antagonism can be similarly explained. 


CHAPTER XV 
CONCLUDING REMARKS 

I N this review of our present knowledge of the permeability of 
plant cells and related phenomena, I have attempted to bring 
together and correlate the work done by many different workers on 
different lines and by the use of different methods. Anyone who takes 
the trouble to read the literature of the subject can scarcely fail to 
be impressed by the isolation in thought of the majority of workers 
in this field. That this neglect by the individual investigator of the 
work of others in the same subject is not a satisfactory condition of 
affairs a single example will suffice to make clear. It had become 
evident from the work of Nathansohn in 1903 that it is possible that 
the two ions of a salt are not absorbed in equivalent quantities by 
plant cells, and that the position of the equilibrium attained in the 
absorption of these ions is not one of equality of concentration outside 
and inside the ceU. If these possibilities are facts, as they have now 
been shown to be, then plasmol5rtic methods of measuring salt intake, 
in which the rise of osmotic concentration of the cell sap is taken as 
a measure of the quantity of salt absorbed, cannot give results that 
are beyond question. Nevertheless, during the last five years, the 
results of quite a number of investigations with the use of plasmo- 
lytic methods have been recorded , without the authors questioning 
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in the slightest the soundness of the method or of their conclusions. 
Examples of this kind can be multiplied without difficulty. 

It is hoped that the correlation of work along many different lines 
attempted in this account of permeability will make it easier for the 
student to grasp the present position of our knowledge, and also 
make it easier for the investigator to avoid pursuing a line of attack 
which acquaintance with other work in the same field would show him 
could not further the advance of knowledge satisfactorily. 

From the review attempted in the preceding chapters it should 
be very evident how imperfect at present is our knowledge of the 
permeability of plant cells, and, moreover, how very doubtful is the 
significance of much of the experimental data on which our knowledge 
rests. It cannot then be surprising if a review of the current theories 
of ceU penneability should lead to the conclusion that overwhelming 
evidence in favour of any one of them is not forthcoming. To this 
conclusion we are certainly led, and, indeed, it would seem rather 
unlikely in any case that all substances should enter or be excluded 
from the ceU on account of the same mechanism, and ultrafiltration; 
solubility in lipoid substances and other constituents of the proto- 
plasm, adsorption and other surface effects, and chemical combination 
may aU play a part in determining whether any particular substance 
is absorbed or not by the living cell. One point to be noticed in 
particular is that with aU these theories of ceU permeability the 
influence of the cell wall is usually neglected. Yet it seems to me, 
especially in view of the work on semi-permeable ceU walls dealt with 
in an earlier chapter, and that of Hansteen-Cranner on the consti- 
tution of the cell waU, that this neglect is not whoUy justifiable, and 
that to assume that the ceU wall acts in no other way than as a dead 
porous envelope is scarcely in accord with the facts. 

In conclusion it should be emphasized' how overloaded the whole 
subject of penneability is with theories, and with observations based 
on the assumption of the correctness of unproved theories. For this 
reason many of the conclusions drawn from their observations by 
various investigators are valueless. Not even the membrane theory 
of the ceU, and tlie simple view of the plant cell as an osmotic cell 
surrounded by an elastic envdope, are reaUy proved, although the 
latter, within limits, has formed a good working hypothesis in regard 
to the water relations of the ceU. It clearly breaks down when used 
to interpret the relation of living cells to dissolved substances. The 
correctness of the theory of a semi-permeable membrane surrounding 
the protoplasm is also dubious (cf. Davidson, 1916). 
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While the propounding of theories will continue to satisfy the 
minds of some, yet it cannot be too strongly emphasized that what 
are wanted to lay the foundations of a proper understanding of the 
phenomena of permeability- in plants are facts, and particularly 
quantitative data. When these are abundant where they are now 
scanty we may be able to formulate the laws governing the inter- 
change of substances between the cell and its surroundings, and so 
be in a much better position for understanding not merely the 
mechanism of cell permeability, but also the life of the plant as 
a whole. 

LITERATURE CITED 

(i) Abderhalden, E. Zur quantitative vergleichende Analyse des Elutes. 

Hoppe-Seylers Zeitsch. f. physiol. Chem. 26 , 65-115. 1898; 

{2) Acton, E. H. The Assimilation of Carbon by Green Plants from certain 
Organic Compounds. Proc. Roy. Soc. London, 47 , 150-175. i8go. 

(3) Adair, G. S. The Penetration of Electrolytes into Gels. II. The Applica- 

tion of Fourier’s Linear Diffusion La-w. Biochem. Journ. 14 , 762-779. 
1920. 

(4) AndrA, G. (1906 a). Sur la composition des liquides qui circulent dans 

le v6g6tal, variations de I’azote dans les feuilles. Comp. rend. acad. 
sci. 142 , 106-108. 1906. 

(5) (1906 i). Sur la composition des sues vfegetaux extraits des racines. 

Comp. rend. acad. sci. 148 , 972-974. 1906. 

(5) (1907 a). Sur la composition des sues v6g6taux extraits des tiges 

et des feuilles. Comp. rend. acad. sci. 144 , 276-278, 1907. 

(7) (1907 &)., Sur la migration des principes solubles dans le v6g6tal. 

Comp. rend. acad. sci. 144 , 383-386. 1907. 

(8) Arrhenius, S. Einfache Ableitung der Beziehung zwischen osmotischen 

Druck und Erniedrigung der Dampfspannung. Zeitsch. f, physik. 
Chem. 3 , 115-119. i88g. 

(g) __ — Untersuchungen Tiber Diffusion von in Wasser gelSsten Stoffen. 

Zeitsch. /. physik. Chem. 10, 51-95. 1892. 

(10) Artari, A. Zur Emahrungsphysiologie der grunen Algen. Ber. deuLbot. 
Ges. 19 , 7-10. 1901. 

(ii) Asher, L. Die Lehre von Stoffaustausch der Zellen. Corresp. Bl&U. /. 

Schweizer Aertze, No. 9. 1912. Cited from Bayhss (1915). 

(12) Atkins, W. R. G. Cryoscopic Determinations of the Osmotic Pressures 

of some Plant Organs. Proc. Roy. Dublin Soc. N.S. 12 , 463-469. 1910; 
Notes from the Bot. School of Trinity College, Dublin, 2, 84-90. 
1910. 

(13) Atkins, W, R. G. and Wallace, T, A. The Critical Solution Point of 

Urine. B'iocAfiw. 7 , 219-230. X913. 

(14) Bartell, F. E, The Permeability of Porcelain and Copper Ferrocyanide 

Membranes. Journ. Phys. Chem. IB, ^59-67^. 1911. 

{15) Negative Osmose, Journ. Amer. Chem. Soc. 86, 646-656. 1914. 

(16) Bartell, F. E, and Hocker, C. D. (1916 a). The Relation of Osmose of 
Solutions of Electrolytes to Membrane Potentials, Theoretical. 
Journ. Amer. Chem. Soc, 1029-1056. 1916. 

(ly) (1916 b). The Osmose of some Solutions of Electrolytes with 

Porcelain Membranes and the Relation of Osmose to Membrane 
Potential. Journ. Amer. Chem. Soc. ZT, i056-xo$o. 1916. 


248 • Walter Stiles 

(18) Barxell, F. E, and Madjson, O. E. (1920 a;), Anomalous Osmose of 
some Solutions of Electrolsdes -with Gold Beaters' Skin Membranes. 
Jowra. PAys. CAem. 24 , 444-465. 1920. 

(rg) — (1920 b). Anomalous Osmosis with Gold Beaters’ Skin Mem- 

branes. Chloride Solutions in the Presence of Acids and Bases. 
Journ. Phys. Chem. 24 , 593-607. 1920. 

(20) Batelli, a. and Sxefanini, A. (1905 a). Sulla natura della pressione 

osmotica. Atii R, Accad. Lined, Rmdiconii, Ser. 5 , 14 (ii), 3-14. IQOS- 

(21) - — (1905 b). Sur la nature de la pression osmotique. Rev. set. 

Pam, Sdr. 5, 4 , 705-708, 743-745, 1905. 

(22) — (1907 a). Ueber die Natur des osmotischeh Druckes. Physik. 

Zeitsch. 7 , 190-196. 1907. 

(23) (19076). Relazione fra la pressione osmotica e la tensionesuper- 

ficiale. Atti R. Accad. Lined, Rendiconti, Ser. 5, 16 (i), ix-22. 1907. 

(24) (1907 c). Sulla relazione fra la tensione superficiale e la pressione 

osmotica. Atii R. Accad. Lined, Rendiconti, Ser. 5, 16 (ii), 663-667. 
1907. 

{25) Bayliss, W. M, On some Aspects of Adsorption Phenomena, with 
Especial Reference to the Action of Electroi}rtes, and to the Ash- 
Constituents of Proteins. Biochem. Journ. 1, 175-232. 1906. 

(26) The Properties of Colloidal Systems. II. On Adsorption as Prelimi- 

nary to Chemical Action. Proc. Roy. Soc. London, B, 84 , 8i-g8. 1911. 

(27) —— The Nature of Enzyme Action. Third Edition, London, 1914. 

(28) Principles of General Physiology. London, 1915. Second Edition, 

1918; Third Edition, 1920, 

(29) ^ — - Colloid Chemistry in Physiology. Second Report of the Committee 

on Colloid Chemistry and its General and Industrial Applications. 
Rep. British Ass. for Advancement of Sci. 1918; 117-137, published 
1919. 

(30) Bechhold, H. Kolloidstudien mit Filtrationsmethode. Zeitsch. f. physik. 

Chem. 80 , 257-318, X907. 

(31) Bechhold, H. and Ziegler, J. Die Beeinflussbarkeit der Diffusion in 

Gallerten. Zeitsch. f. physik. Chem. 105-121. 1906, 

(32) Benecke, W. Ueber die Giftwirkung verschiedener Salze auf Spirogyra, 

und ihre Entgiftung durch Calciumsalze. Ber. deut. hot. Ges. 25 , 
322-337. 1907. 

(33) Berkeley, Earl oe, and Harxley, E. G. J. A Method of Measuring 

directly High Osmotic Pressures. Proc. Roy. Soc. London, 73 , 

436-443. 1904. 

(34) _ — {igo6 a). On the Osmotic Pressures of some Concentrated 

Solutions. Phil. Trans, Roy. Soc. London, A, 208 , 481-507. 1906. 

(35) - ——(19666). The Determination of the Osmotic Pressures of Solu- 

tions by the Measurement of their Vapour Pressures, Proc. Roy, Soc. 
London, A, 77 , 156-169. 1906. 

(36) Berkeley, Earl of, Harxley, E. G, J. and Burxon, C. V. On the 

Osmotic Pressures of Aqueous Solutions of Calcium Ferrocyanide, 
I. Concentrated Solutions. Phil. Trans, Roy. Soc. London, A, 209 , 
177-203. 1908. 

(37) Berxhelox, M. and Jungfleisch, E. Sur les lois qui president au 

partage d’un corps entre deux dissolvants (experiences). Comp. rend, 
acad. sci. 69 , 338-342. 1869; Bull. soc. chim. 18 , 303-307. 1870; 
Ann. dechim. 26 , 396-407. 1872: Journ. de pharm. 10, 161-166. 1869. 

(38) Bexhe, a. Die Bedeutung der Elektrol3rten fiir die rhythmischen 

Bewegungen der Medusen. II, Angriffspunkt der Salze, Einfluss der 
Anionen, OH und H lonen. PfiUgers Arch. f. d. ges. Physiol. 127 , 
219-273. 1909. 

(39) Gewebespermeabilitat und H-Ionenkonzentration. Wiener med. 

Wochenschf. No. 14. 1916. 


PermeaMKty 249 

(40) Der Einfluss der H-Ioneukonzentration auf die Permeabilitat toter 

Membranen, auf die Adsorption an Eiweisssolen und auf den Stoli- 
austausch. der Zellenund Gewebe. Biochem.Zeitsch. 127 , 18-33. 1922. 

(41) Beutner, R, (1912 a), Unterscheidung koUoidaler und osmotischer 

Schwellung beim Muskel, BiocAew. ZeffccA. 39 , 280-289. 1912. 

(42) (1912 h). Die physikaliscbe Natur bioelektrischer Potential-differ- 

enzen. Biochem. Zeitsch. 47 , 73-96. 1912. 

(43) (1912 c). Potential Differences at the Junction of Immiscible Phases. 

Tvans. Amer. Elecirochem. Soc. 21, 1912. 

(44) (1913 «)• Einige weitere Versuche betreffend osmotische und kol- 

loidale Quellung des Muskels. Biochem. Zeitsch. 48 , 217-224. 191.3. 

{45) (1913 &)• Water-Immiscible Organic Liquids as Central Conductors 

in Galvanic Cells. Tmns. Amer. Electrochem. Sac. 23 , 401-419. I 9 i 3 - 

(46) (1913 c). New Galvanic Phenomena. Amer. Journ. Physiol. 31 , 

343 - 351 - 1913- 

(47) (1913 d). Neue Erscheinungen der Elektrizitatserregung, welche 

einige bioelektrische Phanomene erklaren. Zeitsch. f. Elektrochem. 

19,319-330,467-477-1913- 

(48) (1913 b). New Electric Properties of a Semipermeable Membrane of 

Copper Ferrocyanide. Journ. Phys. Chem. 17 , 344-360. 1913- 

(49) Bigelow, S. L. The Permeabilities of Collodion, Gold Beaters’ Skin, 

Parchment Paper and Porcelain Membranes. Journ. Amer. CAew. 
Soc. 29 , 1675-1692. 1907. 

(50) The Size of the Pores in Porcelain and Osmotic Effects. Journ. 

Amer. Chem Soc. 31 , 1194-1199. 1909. 

(51) Bigelow, S. L. and Gemberling, Adelaide. Collodion Membranes. 

Journ. Amer. Chem. Soc, 29 , 1576-1589, 1907. 

(52) Bigelow, S. L. and Hunter, F. W. The Function of the Walls in 

Capillary Phenomena. Journ. Physik. Chem. 15 , 367-380. 1911. 

(53) Bilxz, W. tJeber die Dialysierbarkeit der Farbstoffe. Gedenkboeh van 

Bemmelen, 108-120, Te Helder. 1910. Cited from Bayliss (1915). 

(54) Blackman, F. F. Optima and Limiting Factors. Ann. of Bot. 19 , 

281-295, 1905. 

(55) The Plasmatic Membrane and its Organisation. New Phyt. 11 , 

180-X95, 1912. 

(56) Blackman, V. H. Osmotic Pressure, Root Pressure, and Exudation. New 

Phyt. 20, 106-115. 1921. 

(57) Blackman, V. H. and Paine, S. G. Studies in the Permeability of the 

Pulvinus of Mimosa pudica. Ann, of Bot. Z2, 1918.*' 

(58) Blum, G. Zur Kenntnis der Grosse und Schwankung des osraotischen 

Wertes. Beih. z, bot. Centralbl. Abt. I, 83 , 339-445. 1917. 

(59) Boas, F. Beitrage zur Kenntnis der Wirkung des Saponins auf die 

pflanzliche Zelle. Ber. deut. bot. Ges. 88, 350-353. 1920 (published 
1921). 

(60) Die Wirkungen der Saponinsubstanzen auf die pflanzliche Zelle (II. 

Mitteilung). Ber. deut. bot. Ges. iO, 249-253. 1922. 

(61) Boehm, J. Ueber Starkebildung aus Zucfcer. Bat. Zeit. 41 , 33-38, 49-54- 

1883, 

(62) Bose, J. C. Plant Response as a Means of Physiological Investigation. 

London, 1906. 

(63) Bouilhac, R. Sur la culture de Nostoc punctiforme en presence du 

glucose. Comp. rend. acad. sci. 126, 880-882. 1897. 

(64) Bourget, P. Sur I’absorptiou de I’iode par les v6g6taux. Cowj&. J'ewtZ. 

aca(f. s«. 129 , 768-770. 1899; Bull, soc. chim. Paris, S&r. 3, 28 ^ 40-41. 

1899- 

(65) Bower, F. O. On Plasmolysis and its Bearing upon the Relations between 

Cell-wall and Pxoto-pUsra. Quart. Journ, Micros. Sci, 28 , 157-167. 
1883. 


250 Walter Stiles 

( 66 ) Brenchley, Winifred E, The Influence of Copper Sulphate and Man- 
ganese Sulphate upon the Growth of Barley. Ann. of Bot. 2% 
57 I- 583 - 1910. 

(6y) (1914 a). On the Action of Certain Compounds of Zinc, Arsenic and 

Boron on the Growth of Plants. Ann. of Bot. 28 , 283-301. 1914- 

(68) {1914 &). Inorganic Plant Poisons and Stimulants. Cambridge, 1914. 

(69) Organic Plant Poisons. I. Hydrocyanic Acid. Ann. of Bot. 31 , 

447-456. 1917. 

(70) Brenner, W. Studien , fiber die Empfindlichkeit und Permeabilitat 

pflanzlicher Protoplasten ffir Sauren und Basen. Ofversigt af Finska 
Vetensh.-Soc. Forhandl. 60 , Afd. A, Nr. 4. 1918. 

(71) — — Ueber dieWirkung vonNeutralsalzen auf die Saureresistenz, Permea- 

bilitat und Lebensdauer der Protoplasten. Ber. deut. bot. Ges. 38 , 
277-285. 1920. 

(72) Briggs, T. R. Electrical Endosmose. I. Report on Colloid Chemistry 

and its Industrial Applications. Rep. British Ass. for Advancement 
of Set. 26-39. 1918; published London, 1919- 

(73) Brooks, Matilda, M. The Penetration of Cations into Living Cells. 

Joum. Gen. Physiol. 4 , 347-349- 1922. 

{74) Brooks, S. C. (1916 a). New Determinations of Permeability. Proc. Nat. 
Acad. Sci. 2, 569-574. 1916. 

(75) (1916 iS»). Studies on Exosmosis, ^mer, /owm. Bo/. 3 , 483-492. 1916, 

(76) (1916 c). A Study of Permeability by the Method of Tissue Tension. 

Amer. Journ. Bot. 8, 562-570. 1916. 

(77) (1917 a)- Methods of Studying Permeability of Protoplasm to Salts. 

Bot. Gaz. 64 , 230-249. 1917. 

(78) — —(1917^). A New Method of Studying Permeability. Bot. Gaz. 64 , 

306-317. 1917. 

(79) — . — {1917 c). Permeability of the Cell Walls of Allium. Bot. Gaz. 64 , 

509-512, 1917- 

(80) Brown, A. J. On the Existence of a Semi-permeable Membrane en- 

closing the Seeds of some of the Gramineae, Ann. of Bot. 21, 79-87. 

1907. 

{81) The Selective Permeability of the Coverings of the Seeds of Hordeum 

vulgare. Proc. Roy. Soc. London, B, 81 , 82-93. 1909. 

{82) Brown, A, J. and Tinker, F. (1916 a). The Rate of Absorption of 
Various Phenolic Solutions by Seeds of Hordeum vulgare, and the 
Factors governing the Rate of Diffusion of Aqueous Solutions across 
^ Semi-permeable Membranes. Proc. Roy. Soc. London, B, 89 , 119-135. 
1916. 

(83) (1916 &). Selective Permeability: -the Absorption of Phenol 

and other Solutions by the Seeds of Hordeum vulgare. Proc. Roy. 
Soc. London, B, 89 , 373-379. igi6. 

{84) Brown, A. J. and Worley, F. P. The Influence of Temperature on the 
Absorption of Water by Seeds of Hordeum vulgare in Relation to the 
Temperature Coefficient of Chemical Change. Proc. Roy. Soc. London, 
B, 86, 546-553- 1912, 

(85) Brown, H. T, and Escombe, F. Static Diffusion of Gases and Liquids 

in Relation to the Assimilation of Carbon and Translocation in 
Plants. Phil. Trans. Roy. Soc. London, B, 193 , 223-291. 1900. 

(86) Brown, R, A Brief Account of Microscopical Observations made in the 

months of June, July and August, 1827, on the particles contained 
in the Pollen of Plants; and on the general existence of active 
molecules in organic and inorganic bodies. Edinburgh New Phil, 
fourn. 5, 358-371. 1828; Phil. Mag. 4, 161-173. 1828. 

(87) Additional Remarks on Active Molecules. Edinburgh Journ. Sci. 1, 

3i4~32a. 1829; Edinburgh New Phil, Journ. 8, 41-46. 1830; Phil. 
Mag. 6, i6l-l66. 1829. 


PermeaUlity 251 

(88) Miscellaneous Botanical Works. Vol. i, London, 1866. 

(89) Brown, W. On tLe Preparation of Collodion Membranes of Differential 

Permeability. Biochem. Journ. 9 , 591-617. 1915. 

(90) Further Contributions to the Technique of preparing Membranes 

for Dialysis. Biochem. Journ. 11, 40-57. 1917. 

(91) BRdNiNGS, W. Beitrage zur Elektrophysiologie. I. Mittheilung; Vor- 

bemerkungen — Ueber den Ruhestrom des Froschmuskels. I. Pflugers 
Arch. f. d. ges. Physiol. 9 S, 241-283. 1903, 

(92) — — Beitrage zur Elektrophysiologie. III. Mitteilung. Zur osmotischen 

Theoiie der Zellelektrizitat. P fingers Arch. f. d. ges. Physiol. 117 , 
409-460. 1907. 

(93) Buchheim. Der Einfluss des Aussenmediums auf den Turgordruck einiger 

Algen. Inaug.-Diss. Bern, 1915. Cited from Ursprung and Blum 
(1916 c). 

(94) Butschli, J. a. O. Ueber die Struktur des Protoplasmas. Heidelb.Nat. 

Med. Verb. 4 , 423-434, 490-502. 1892. 

(95) Callendar, H. L. On Vapour Pressure and Osmotic Pressure of Strong 

Solutions. Proc. Roy. Soc. London, A, 80 , 466-500. 1908. 

(96) CALtTGAREANU and Henri, V. Diffusion des matifires colorantes dans la 

gelatine et dans I’eau. Comp. rend. soc. biol. 53 , 579-580. 1901. 

(97) Campbeix, D. H. The Staining of Living Nuclei. Unters. a. d, Bot. Inst. 

2U Tubingen, 2 , 569-581. 1888. 

(98) Carslaw, H. S. Introduction to the Theory of Fourier's Series and Integrals 

and the Mathematical Theory of the Conduction of Heat. London, 
1906. 

(99) Cavara, F. Influenza di minime eccezionali di temperatura sulle piante 

deir Orto botanico di Cagliari. Bull. soc. bot. Ital. 146-156. 1901. 

(100) Risulti di una serie di richerche crioscopiche sui vegetali. Conirib, 

alia biol. veg. 4 , i. 1905. 

(101) Cavers, F. Chondriosomes (Mitochondria) and their Significance. New 

Phyt. 18 , 96-106, 170-180. 1914. 

(102) Chabry, L. Proc6d6 nouveau pour 6tudier la diffusion des acides. 

Journ. de Phys. S6r. 2, 7 , 1 14-122. 1888. 

(103) Chambers, R. Microdissection Studies. I. The Visible Structure of Cell 

Protoplasm and Death Changes. Amer. Journ. Physiol 43 , 1-12. 

1917- 

(104) Chien, S. S. Peculiar Effects of Barium, Strontium, and Cerium on 

Spirogyra. Bot. Gaz. 63 , 406-409. 1917- 
{105) Chodat, R. and Bobrbier, A. M. Sur la plasmolyse et la membrane 
plasmatique. Journ. Bot. 12, 118-132. 1908. 

(106) Clark, J. F. On the Toxic Value of Mercuric Chloride and its Double 

Salts. Journ. Phys. Chem. 5 , 289-316. 1901. 

(107) — — On the Toxic Properties of some Copper Compounds with Special 

Reference to Bordeaux Mixture. Bot. Gas. 88, 26-48. 1902. 

(108) Clark, W. M. The Determination of Hydrogen Ions. Baltimore, 1920. 

(109) Clowes, G. H. A, (1916 a). On the role played by Electrolytes in 

determining the Permeability of Protoplasm. Proc. Amer. Soc. 
Biol. Chemists: Journ. Biol. Chem. 24 , xiv. 1916. See also Proc. 
Soc. Exper. Biol, and Med. 13 , 114-118. 1916. 

(no) (19166). Antagonistic Electrolyse Effects in Physical and Bio- 

logical Systems. Science, N.S. 48 , 750-757. 1916- 

(111) (1916 c). Protoplasmic Equilibrium. I. Action of Antagonistic 

Electrolytes on Emulsions and Living Cells. Journ. Phys. Chem. 
20, 407-451. 1916. : : 

(112) (1917 a). Antagonistic Electrolytes and Jelly Formation. Proc. 

Amer. Soc. Biol. Chemists: Journ, Biol. Chem. 29 , viii-ix. 1917- 

(113) (1917 b). Electrolytes and Anaphylaxis. Proc. Amer. Soc, Biol. 

Chemists: Journ. Biol. Chem. 29 , ix-x, 19x7. 

DEP*PT’"‘^'T O': BOTANY, 


252 Walter Stiles 

(114) Clowes, G, H. A. (1917 c). On the Mechanism of Blood Coagulation. 

Amev. J own. Physiol. 6io. xgi']. 

(115) Coleman, J. J. On a New Diffusiometer and other Apparatus for 

Liquid Diffusion. Proc. Roy. Soc. Edinburgh, 1887. 

(116) — — On a New Diffusiometer and other Apparatus for Liquid Diffusion. 

Proc. Roy. Soc. Edinburgh, 15 , 249-255. 1888. 

(117) Colin, H. and de Rufz, J. (1910 a). Sur I’absorption du baryum par 

les plantes. Comp. rend. acad. sci. 150 , 1074-1076. 1910. 

(118) — (19106). Absorption compared des sels de baryum, de 

strontium et de calcium. Rev. gin. hot. 22, 337-344. 1910. 

(119) CoLLANDER, R. Ueber die Permeabilitat pflanzlicher Protoplasten fiir 

Su]fos§.urefarbstoffe. Jahrb. f. voiss. Bot. QQ, 1921. 

(120) Collins, E. T. The Structure of the Integumentary System of the 

Barley Grain in Relation toTocalised Water Absotption and Semi- 
permeability. Ann. of Bot. 82 , 381-414. 1918. 

(121) Copeland, E. B. Ueber den Einfluss von Licht und Temperatur auf 

den Turgor. Halle a. S., 1896. Cited from Pfeffer (1900) and 
Livingston (1903). 

(122) The Relation of Nutrient Salts to Turgor, Bot. Gas. 24 , 399-415. 

1897. 

(123) Copeland, E. B. and Kahlenberg, L, The Influence of the Presence 

of Pure Metals upon Plants. Trans. Acad. Sci. Arts and Letters 
Wisconsin, 12, Part 2, 454-474. 1900. 

(124) CoupiN, H. Sur la toxicity des sels de cuivre k lAgard des v6g6taux 

sup6rieurs. Comp. rend. acad. sci. 127 , 400-401. 1898, 

(125) Sur la toxicit6 des composes du sodium, du potassium, et de 

I’ammonium h l’6gard des v6g6taux sup6rieurs. Rev. gin. bot. 12 , 
177-194- 1901. 

(126) Sur la nutrition du Sterigmatocystis nigra. Comp. rend. acad..sci. 

186 , 392 - 394 - 1903. 

(127) Curtis, C. Turgidity in Mycelia. Bull. Tovrey Bot. Club, 27 , 1-13. 

1900. 

(128) CzAPEK, F. Ueber die sogenannten Ligninreactionen des Holzes. 

Hoppe-Seylers Zeitsch. f. physiol. Chem. 27, 141-166. 1899. 

(129) (1910 a). Versuche ffber Exosmose aus Pflanzenzellen. Ber. deut. 

bot. Ges. 28 , 159-169. 1910. 

(130) (1910 6). Ueber die Oberflachenspannung und den Lipoidgehalt 

der Plasmahaut in lebenden Pflanzenzellen. Ber. deut. bot. Ges. 28 , 
480-487. 1910. 

(131) (1911a). Chemical Phenomena in Life. London and New York, 

1911. 

(132) (1911 b). Ueber eine Methods zur direkten Bestimmung der Oher- 

fidchenspannung der Plasmahaut von Pflanzenzellen. Jena, 1911. 

(133) ■ Biochemie der Pflanzen. Erster Band, Zweite Auflage. Jena, 1913. 

(134) Weitere Beitrage zur Physiologie der Stoffaufnahme in die lebende 

Pflanzenzelle. I, Ueber die Annahme von Lipokolloiden in der 
Plasmahaut. Internat. Zeitsch. f. physikal.-chem. Biol. 1, 108-123. 

1914. 

(135) Dandeno, J.B. An Investigation into the Effects of Water and Aqueous 

Solutions of some of the Common Inorganic Substances on Foliage 
Leaves, Trans. Canadian Inst. 7 , 238-250. 1901. 

(136) Darwin, C. Insectivorous Plants. Second Thousand. London, 1875. 

(137) Darwin, F. and Acton, E. H. Practical Physiology of Plants. Third 

Edition. Cambridge, 1901. 

(138) Davidson, J. Selective Penneability and the Plasma-Membrane. Plant 

IForW, 19 . 331-349. 1916. 

(139) De Keen, P. J, F. Determination, h I’aide d’un appareil nouveau, du 

coefiicient de diffusion des sels en solution et des variations que 


PermeaUlity 253 

cette quantity eprouve avec la temperature. Bull, Acad. Roy. de 
Beige, Ser. 3, 8, 219-237. 1884. 

(140) De Vries, H. (1871 a). Sur la permeabilite du protoplasme des bet- 

teraves rouges. Arch. nSerland. Q, ixy-xzG. 1871. 

(141) (18716). Sur la mort des cellules v6getales par Teffet d’une 

temperature eievee. 6, 245-295. 1871. 

(142) Ueber die Dehnbarkeit wachsende Sprosse. Arbeiten a. d.bot. Inst. 

Wurzburg, 1, 519-545- 1874. 

(143) Untersuchungen uber die mechanischen Ursachen der Zellstreckung. 

Leipzig, 1877. 

(144) Ueber die Bedeutung der Pflanzensauren fiir den Turgor der 

Zellen (Vorlaufige Mittbeilung). BoZ. ZeiZscii. 37, 847-853. 1879. 

(145) Ueber den Antheil der Pflanzensauren an der Turgorkraft wach- 

sender Organe. Bot. Zeitsch, 41, 849-854. 1883. 

(146) — — (1884 a). Eine Metbode zur Analyse der Turgorkraft. Jahrb. f. 

wiss. Bot. 14, 427-601. 1884. 

(147) (18846). Zur plasmolytiscben Metbodik. Bot. Zeitsch. 2SQ~2q%. 

1884. 

(148) (1884 c). In Jahresher. Chem. 1, 144. 1884. 

(149) , Plasmolytiscbe Studien Tiber die Wand der Vacuolen. Jahrb. /. 

wiss. Bot. 18, 465-598. 1885. 

(150) Une experience de cours sur la diffusion. Arch, nierland. soi. 

exactes et not. 20, 36-48. 1886. 

(151) (1888 a). Osmotische Versucbe mit lebenden Membranen. Zeitsch. 

f. physih. Chem. 2, 415-432. 1888. 

(152) (18886). Ueber den isotoniscben Coef&cient des Glycerins. Boi. 

Zeit. 46, 229-235, 245-253. 1888. 

(153) (1888 c). Le coefficient isotonique de la glycerine. Arcji. nierland. 

sci. exactes et nat. 22, 384-391. 1888. 

(134) _ — (1889 a). Isotonische Koeffizienten einiger Salze. Zeitsch. f.physik. 
Chem. 8, 103-109. 1889. 

(155) (18896). Ueber die Permeabilitat der Protoplaste fiir Harnstoff. 

Bot. Zeit, 47, 309-315. 325-333- 1889. 

(156) Deleano, N. T, !£tude sur le R61e et la Fonction des Sels Mineraux 

dans la Vie de la Plante Univ. de Gendve, Inst, de Bot. SSr. 7, 
Ease. IX, 48 pp. 1907. 

(157) (1908 a). iStude sur le Rdle et la Fonction des Sels Min6raux dans 

la Vie de la Plante. II. Plantes Bisannuelles. Univ. de Gen&ve, 
Inst, de Bot. S6r. 8, Fasc. i, 33 pp. 1908. 

(138) — — - (1908 6). fitude sur le R61e et la Fonction des Sels Min6raux dans 
la Vie de la Plante. III. Sur la variation quantitative du poids des 
mati^res min6rales et organiques au cours du d6veloppement des 
feuilles et des fruits. Univ. de Gendve, Inst, de Bot. S6r. 8, Fasc. iii, 
35-61. 1908. 

(159) Dele, E. Marion. Studies of Protoplasmic Permeability by Measure- 

ment of Rate of Shrinkage of Turgid Tissues. I. The Influence of 
Temperature on the Permeability of Protoplasm to Water. Ann. 
o/RoZ. 30, 283-310. 1916. 

(160) Demoussy, E. Absorption Elective de quelques 616ments min6raux par 

les plantes. Comp. rend. acad. sci, i27, gyoyyS. 1900. 

(161) Denny, F. E. (1917 a). Permeability of Certain Plant Membranes to 

Water. RoZ. Ga^r. 83, 373-397. 1917. : 

(162) (19176). Permeability of Membranes as Related to their Com- 

position. RoZ. Gar. 68, 468-485. 1917. 

(163) Detleesen, E. Ueber die Biegungselastizitat von Pflanzentbeilen. I. 

Theil. Arbeiten a. d. bot. Inst in Wurzburg, 8, X44-18J. 1884. 

(164) Ueber die Biegungselastizitat von Pflanzentbeilen. II. Theil. 

Arbeiien a. d. bot. Inst, in Wiirzburg, 8, j\.o8-425. 1888. 


254 Walter Stiles 

(165) Devaux, H. (1901 a). De I'absorption des poisons m6talliques trSs 

dilu6s par les cellules v6getales. Comp.rmd. acad.sci. tZZ, jxj-'jio. 
1901. 

(166) (1901 h). Gen4ralitdde la fixation des m6taux par la paroi cellnlaire. 

Comp. fend, acad. sci. \ZZ, igoi. 

(167) Comparaison des pouvoirs absorbants des parois cellulaires. Proems 

verbaux de set. de la soc. set. phys. et nat. Bordeaux, 32-34. 1903-4. 

(168) Dixon, H. H. On the Osmotic Pressure in the Cells of Leaves. Proc. 

Roy. Irish Acad. 3rd Ser. 4, 61-73. 1896; Notes from the Bot. 
School of Trinity College, Dublin, 1, 44-56. 1896. 

(169) Transpiration and the Ascent of Sap. Prog, rei hot. Z, x- 66 . 1910. 

(170) — — A Thermo-electric Method of Gryoscopy. Proc. Roy. Dublin Soc. 

N.S. 13, 49-52. XQii; Notes from the Bot. School, Trinity College, 
Dublin, 2, 121-134, 1911. 

(171) Transpiration and the Ascent of Sap in Plants, London, 1914 

{172) Dixon, H. H. and Atkins, W. R. G, On Osmotic Pressure in Plants; 

and on a Thermo-electric Method of Determining Freezing Points. 
Proc. Roy. Dublin Soc. N.S. 12, 275-311. 1910; Notes from the Bot. 
School, Trinity College, Dublin, 2, 47-83. 1910. 

(173) (1912 a). Changes in the Osmotic Pressure of the Sap of the 

Developing Leaves of Syringa vulgaris. Proc. Roy. Dublin Soc. 
N.S. 18, 219-222. 1912: Notes from the Bot. School, Trinity College, 
Dublin, 2, 99-102. 1912. 

(174) — — (19126). Variations in the Osmotic Pressure of the Sap of 

Ilex aquifolium. Proc. Roy. Dublin Soc. N.S. 18, 229-238. 1912; 
Notes from the Bot. School, Trinity College, Dublin, 2, 111-120. 1912, 

(175) (1912 tf). Variations in the Osmotic Pressure of the Sap of 

Hedera helix. Proc. Roy. Dublin Soc, N.S. 18, 239-246. 1912; 
*Notes from the Bot. School, Trinity College, Dublin, 2, 103-1 10. 
1912. 

(iy6) (1913 «)• Osmotic Pressures in Plants. I. Methods of Ex- 

tracting Sap from Plant Organs, Sci. Proc. Roy. Dublin Soc. N.S. 
18,422-433- 1913- 

(177) _ — (19136). Osmotic Pressure in Plants. II. Cryoscopic and 

Conductivity Measurements of some Vegetable Saps. Sci. Proc. 
Roy. Dublin Soc. N.S. 18, 434-440. 1913, 

(178) . — (1913 c). Osmotic Pressures in Plant Organs. III. The Os- 

motic Pressure and Electrical Conductivity of Yeast, Beer and 
Wort, Sci. Proc. Roy. Dublin Soc. N.S. 14, 9-12. 1913. 

(179) (1916 a). Osmotic Pressures in Plants. IV. Notes from the 

Bot, School, Trinity College, Dublin, 2, 275-293. igi6. 

(180) {19166). Osmotic Pressures in Plants. V. Notes from the 

Bot. School, Trinity College, Dublin, 2, 294-310. 1916. 

(181) (1916 c). Osmotic Pressures in Plants. VI. On the Com- 

position of the Sap in the Conducting Tracts of Trees at Different 
Levels and at Different Seasons of the Year. Sci. Proc. Roy. Dublin 
Soc, 16, 51-62. xgx 6 ; Nates from the Bat. School, Trinity College, 
Dublin, 2, 235-237. 1916, 

(182) Donnan, F. G. Theorie der Membrangleichgewichte und Membran- 

potentiale bei Vorhandsein von nicht dialysierenden Elektrolyten. 
Zeitsch. f. Blektrochem. il, 5j3r-58x. 1911. 

(1S3) Donnan, F, G. and Barker, J. T. An Experimental Investigation of 
Gibbs’ Thermodynamical Theory of Interfacial Concentration in 
the Case of an Air- Water Interface. Proc. Roy. Soc, London, A, 
86,557-573- I9II. 

(184) Drabble, E. and Drabble. H. The Relation between the Osmotic 
Strength oi Cell Sap in Plants and their Physical Environment. 
Biochem. Joum. 2, 117-132. 1907. 


PermeaUUty 255 

(185) Drabble, E. and Lake, H. The Osmotic Strength of Cell Sap in 
Plants growing under Different Conditions. New Phyt. 4 , 189-191. 
1905. 

{186) Dutrochet, R. Nouvelles Observations sur I’Endosmose et I’Exosmose, 
et sur la Cause de ce Double Ph6nom6ne. Ann, chim. phys, S6r. 2, 
85 , 393-400. 1827. 

(187) Nouvelles Recherches sur I’Endosmose et I'Exosmose. Ann. chim. 

phys. Ser. 2, 37 , 191-201. 1828. 

(188) (1832 a). Recherches sur I’Endosmose et sur la Cause physique 

de ce Ph^nomSne. Ann. chim. phys. S&v. 2, 4:Q, 411-^37. 1832, 

(189) (1832 b). Du Pouvoir d’Endosmose consideree comparativement 

dans quelques Liquides organiques. Ann. chim. phys. S^r, 2, 51 , 
159-166. 1832. 

(190) Einstein, A. Ueber die von der molekularkinetischen Theorie der Warme 

geforderte Bewegung von in ruhenden Fliissigkeiten suspendierten 
Teilchen. Ann. der Phys. [4] 17 , 549-560. 1905. 

(191) — ~ — Eine neue Bestimmung der Molekiildimensionen. Ann. der Phys. 

[4] 19 , 289-306. 1906. 

(192) Eisler, M. von and Portheim, L. von. Ueber die Beeinflussung der 

Giftwirkung des Chinins auf Elodea canadensis durch Salze. 
Biochem. Zeitsch. 21, 59 - 75 - i 909 - 

(193) Ellis, R. Die Eigenschaften der Olemulsionen. I. Die elektrische 

Ladung. Zeiisch. f.physik. Chem.lZ, 1912. 

{194) Endler, J. (1912 a). Ueber den Durchtritt von Salzen durch das Proto- 
plasma. I, Ueber die Beeinflussung der Farbstoffaufnahme in die 
lebende Zelle durch Salze. Biochem. Zeitsch. 42 , 440-469. 1912. 

(ig2) (1912 &). Ueber den Durchtritt von Salzen durch das Protoplasma. 

II. Ueber eine Methode zur Bestimmung des isoelektrischen Ihinktes 
des Protoplasmas auf Grund der Beeinflussung des Durchtrittes von 
Farbstoffen dutch OH- and H-Ionen. Biochem. Zeitsch. 45 , 359-411. 
1912. 

(196) E6tv6s, R. Ueber den Zusammenhang der Oberflachenspannung der 

Fliissigkeiten mit ihrem Molecularvolumen. Ann. der Phys. u. Chem. 
N.F. 27 , 448-4*59. i886. 

(197) Eschenhagen, F. Ueber den Einfluss von Losungen verschiedener 

Koncentration auf das Wachsthum von Schimmelpilze, Diss. 
Leipzig, 1899. Cited from Pfeffer (1900). 

(198) Ewart, A, J. The Ascent of Water in Trees. Phil. Trans. Roy. Sac. 

London, B, 198 , 41-86. 1905. 

(igg) The Ascent of Water in Trees. II. Phil. Trans. Roy. Soc. London, 

B, 199 , 341-392. 1906. 

{200) Exner, F. Ueber den Durchgang der Gase durch Flussigkeitslamellen. 
Sitzungsher. Akad. Wiss. in Wien, 70 , Abt. 2, 465-501. 1874. 

(201) Ueber den Diffusion der Dampfe durch Flussigkeitslamellen. 

Sitzungsher. .4kad. Wiss. in Wien, IZ, Nbt. a, 2Q^~2Z6. 1877. 

(202) Faber, F. C. vo'n. Ueber Transpiration und osmotischen Druck bei den 

Mangroven (Vorldufige Mitteilung). Ber. deut. bot. Ges. 31 , 277-281. 

1913- 

(203) Fick, a. Ueber Diffusion. Pogg. Ann. 94 , 59-86. 1855. See also Phil. 

Mflg, 10, 30-39. X855. 

(204) Findlay, A. Osmotic Pressure. I.,ondon, X913. ’ 

(205) Fischer, A. Fixierung, Fdrbung und Bau des Protoplasmas. Jena, 1899. 

(206) Fischer, M. H. Ueber die Analogic zwischen der Wasserabsorption 

durch Fibrin und durch Muskel, Pflugers Arch. f. d. ges. Physiol. 
124 , 69-99. 1908. 

(207) Oedema. A Study of the Physiology and the Pathology of Water 

Absorption by the Living Organism. New York, 1910. 

(208) Oedema and Nephritis: A Critical, Experimented and Clinical Study 


256 


Walter Stiles 


of the Physiology and Pathology of Water Absorption in the Living 
Organism. Second and Enlarged Edition. New York, I 9 i 5 - 

(209) Fitting, H. Das Wasserversorgung und die osmotischen Druckver- 

haltnisse der Wiistenpflanzen. Zeitsch. f. Bat. Z, aoq-ajs. 1911. 

(210) Untersuchungen fiber die Aufnahme von Salzen in die lebende 

Zelle. /a/jr!)./. 56 (Pfeffer-Festsch.), 1-64. 1915. 

(211) Untersuchungen fiber isotonisclie Koeffizienten und ihre Nutzen 

ftir Permeabditatsbestimmungen. Jahrb. f. wiss. Bot. 57 , 553-6x2. 

1917. 

(212) Untersuchungen fiber die Aufnahme und fiber anomale osmotisclie 

Koeffizienten von Glyzerin und Harnstoff. Jahrb. f. wiss. Bot. 59 , 
1-170. 1919. 

(213) Flack, M. and Hill, L. A Textbook of Physiology. London, 1919- 

(214) Fluri, M. Der Einfluss von Aluminiumsalzen auf das Protoplasina. 

Flora, 99 , 81-126. 1908. 

{215) Fourier, J. TMorie analytique do la chaUur. Paris, 1822. 

(216) The Analytical Theory of Heat. English translation. Cambridge, 

1878. 

(217) Free, E. E. A Colloidal Hypothesis of Protoplasmic Permeability. 

Plant World, 21 , 141-150. 1918. 

(218) Freundlich, H, Ueber die Adsorption in L6.sungen. Zeitsch. f. physik. 

Chem. 57 , 385-470. 1907. 

(219) Capillar chemie. Leipzig, 1909. 

(220) Ueber abnorme Osmosen. Kolloid-Zeitsch. iZ, 1916. 

(221) Furth, O. von and Bubanovic, F. (1918 a). Untersuchungen fiber die 

Diffusion. von Elektrolyten in Galierten. I. Ueber die Abhangigkeit 
des Diffusionswegs von der Ivonzentration. Biochem. Zeitsch. 90 , 
265-287. 1918, 

{222) (1918 h). Untersuchungen fiber Diffusionsvorgange in Galier- 

ten. II. Ueber die Abhangigkeit des Diffusionsvermogens von der 
lonenbeweglichkeit sowie von der Hydratation und Polymerisation 
der MolelcUle. Biochem. Zeitsch. 92 , 139-169. 1918. 

(223) Gager, S. C. Fundamentals of Botany. Philadelphia, 1916. 

(224) Gaidukov, N, (19060), Ueber Untersuchungen mit Hilfe des Ultra- 

mikroscopes nach Siedentopf (Vorlaufige Mitteilung). Ber. deut. 
hot. Ges. 24 , 107-112, 1906, 

(225) (1906 &). Weitere Untersuchungen mit Hilfe des Ultramikroscopes 

nach Siedentopf (Vorlaufige Mitteilung). Ber, deut. bot. Ges. 24 , 
I 55 - 157 - 1906. 

(226) (1906 c). Ueber die ultramikroskopi.schen Eigenschaften der Proto- 

plasten. Ber. deut. bot, Ges. 24 , 192-194. 1906. 

(227) (1906 d). Ultramikroskopische Untersuchungen der Starkekorner, 

Zellmembranen und Protoplasten. Ber. deut. bot. Ges. 24 , 581-590. 
igo6. 

(228) Dunkelfeldbeleuchtung und UUramikroskopie in der Biologie und in 

der Medizin. Jena, 1910. 

(229) Gardiner, W. On the continuity of the protoplasm through the walls 

of vegetable cells. 0. d.fcoL / msL Ml fPMZi'&Mzg, 8, 52— 87. 1884. 

(230) Gassner, G. Beitrfige zur Frage der Lichtkeimung. Zeitsch. f. Bot. 7, 

609-661. 1915. 

{231) Gibbs, W. On the Equilibrium of Heterogeneous Substances. Trans. 
Connecticut Acad, Z, ^Zo-/^oo. xZyZ. 

(232) Scientific Papers. 2 Vols. London, 1906. 

(233) Gilson, E. La sub6rine et les cellules du li^ge. La Cellule, 6, 67-110. 

■ ■1890." ■■ ■■ 

(234) Girard, P, Variation de la force 61 ectromotrice de chaines liquides par 

polarisation de diaphragmes interpos6s. Comp, rend, ax^ad. sci. 146 , 
927-929, 1908. 


Permeability 257 

(235) L’dlectrisation de contact en biologie. Rev. gSn. sci. 20, 694-701. 

1909. 

(236) (1910 a). Mecanisme 61 ectrostatique de Tliemipermfiabilite des 

tissus vivants aux electrolytes. Comp. vend,, acad. sci. 150 , 1446- 
1449. 1910. 

(237) — — (1910 b). Mficanisme electrostatique de I’osmose. Comp. vend. 

acad. sci. 161 , 99-102. 1910. 

(238) Sur le role preponderant de deux facteurs 41ectrostatiques dans 

I’osmose des solutions d’ 61 ectrolytes. Mouvements osmotiques 
normaux. Comp. vend. acad. sci. l^Z, 1911. 

(239) (1914 a). Essai d’un scbfema physique de rhemipermeabilite des 

cellules vivantes aux ions. Comp. vend. acad. sci. 159 , 376-379. 

1914- 

(240) (1914 b). M6canisme electrostatique de rhemipermeabilite des 

membranes aux ions. Comp. vend. soc. biol. 76 , 839-841. 1914. 

(241) (1919 a). Osmose et diffusion d’ions a travers un septum polarise. 

(Schemes physiques pour servir a retude de la nutrition cellulaire.) 
Jouvn. chim. phys. 17 , 383-408. 1919. 

(242) (1919 &). Scheme physique pour servir a I’etude de la nutrition 

minerale de la cellule. Comp. vend. acad. sci. 168 , 1335-1338. igig. 

(243) (1919 c). Relation entre I’etat eiectrique de la paroi de la cellule 

et sa permeabilite k un ion donne. Comp. vend. acad. sci. 169 , 94-97. 

1919. 

(244) Girard, P. and Morax, V. Echanges liquides par osmose e, travers des 

tissus vivants. Comp. vend. acad. sci. 170 , 821-823. 1920. 

(245) Gola, G. Ricerche sulla biologia e sulla fisiologia dei semi a tegumento 

impermeabile. Mem. Accad. R. .Sci. Tovino, ii, 55 , 237-270. 1905. 

(246) Gortner, R. a., Lawrence, J. V. and Harris, J. A. The extraction 

of sap from plant tissue by pressure. Biochem. Bull. 6, 139-142. 
1916. 

(247) Graham, T. On the Diffusion of Liquids. Phil. Tvans. Roy. Soc. London, 

140 , 1-46. 1850. 

(248) Additional Observations on the Diffusion of Liquids (Third 

Memoir). Phil. Tvans. Roy. Soc. London, 141 , 483-494, 1851. 

(249) On Osmotic Force. Phil. Tvans. Roy. Soc. London, 144 , 177-228. 

1854. 

(250) Liquid Diffusion applied to Analysis. Phil. Tvans. Roy. Soc. 

London, 151 , 183-224. 1861. 

(251) Grandeau, H. and Bouton, A. fitude chimique du gui {Viscum album, 

Linn.). Comp. vend. acad. sci. 84 , 129-131. 1877. 

(252) Gryns, G. Ueber den Einfluss geloster Stoffe auf den rothen Blutzellen, 

in Verbindung mit den Erscheinungen der Osmose und Diffusion. 
Pflilgevs Avch. f, d. ges. Physiol. 63 , 86-119. i8g6, 

(253) Guilliermond, a. Sur une m6thode permettant de colorer dans la 

cellule vfigetale les graines d'amidon au sein des mitochondries. 
Comp. vend. soc. biol. 79 , 806-809, 1916. 

(254) (1917 a). Nquvelles recherches sur les caractferes vitaux et les 

alterations du chondriome dans les cellules dpidermiques des fieurs. 
Comp. vend. soc. biol. ZQ, 1917, 

{255) (1917 6). Sur la nature et le role des mitochondries des cellules 

v6g6tales. Reponse k quelques objections. Comp. vend. soc. biol. 
80,917-923. 1917. 

(256) (1918 a). Sur la plasmolyse des cellules dpidermiques de la feuille 

dT vis germanica. Comp. vend. acad. sci. 166, 222-224. 1918. 

(257) ^ (1918 b). Sur la plasmolyse des cellules 6pidermiques des petales 

de tulipe. Comp. vend. soc. Mol. Zl, 42'j-4$i. 1918. 

(258) (1918 c). Sur la nature et la signification du chondriome. Comp. 

rewcZ. acafi". scL 166 , 649-652. 1918. 

Phyt. xxii. 5, 17 


258 Walter Stiles 

(259) GtTiLLiERMOND, A. (I9 i 8<?). Mitochondries et systfeme vacuolaire. Comp. 

vend. acad. set. 166 , 862—864, 1918. 

(260) (1918 e). Sur la m6tacliromatine et les composes phenoliques de la 

cellule v%etale. Comp. vend. acad. set. 166, 958-960, 1918. 

(261) (1918/). Sur I’origine mitochondriale des plastides. Comp. vend. 

acad. sci. 167 , 430-433, 1918. 

(262) Mitochondries et symbiotes. Comp. vend. soc. Uol. 82 , 309-312. 

1919. 

(263) {1920 «). Sur les relations entre le chondriome des champignons 

et la m6tachromatine. Comp. vend. soc. Uol. 83, 855-858. 1920. 

(264) — (1920 &). A propos de la m^tachromatine. Comp. vend. soc. Uol. 

83 , 859-861, 1920. . 

(265) (1920 c), Nouvelles remarques sur la coexistence de deux vari6t6s 

de mitochondries dans les v6g6taux chlorophylliens. Comp. vend, 
soc. Uol. 83 , 1046-1049. 1920. 

(266) (1920 d). CaractSres diflf6rentiels de I’appareil vacuolaire et du 

chondriome dans la cellule v6g6tale. Comp. vend. soc. Uol. 88, 
1435-1438, 1920. 

(267) (1921 «). Sur les 616 meuts figures du cytoplasme chez les veg6taux; 

chondriome, appareil vacuolaire et granulations lipoides. Avch. de 
Uol 81 , 1-82. 1921. 

(268) — — (1921 6). Sur les caract^res et revolution du chondriome dans les 

v6g6taux chlorophylliens. Comp. vend. soc. Uol. 84 , 197-201. 1921. 

(269) (1921 c). A propos d’un travail de Meves sur le chondriome de la 

cellule v6g6tale. Comp. rend. soc. Uol. 8^, 202-205. 1921. 

(270) (1921 rf). Sur revolution du chondriome et la formation des 

chloroplastes dans VElodea canadensis. Comp. vend. soc. Uol. 85 , 
462-466. 1921. 

(271) (1921 e). Sur le chondriome des conjugges et des diatom6es. Comp. 

rend. soc. Uol. 85 , 466-469. 1921. 

(272) Haas, A. R. {1916 a). The Permeability of Living Cells to Acids and 

Alkalies. Journ. Biol. Chem. 27 , 225-232. 1916. 

(273) (1916 h). The Excretion of Acids by Roots. Proc. Nat. Acad. Sci, 

2, 561-566. 1916. 

(274) Haas, P. and Hill, T. G. An IntvoducHon to the Chemistvy of. Plant 

Pvoduots. Part I. Third Edition. London, 1921. 

(275) Habek, F, Ueber feste Elektrol3^e, ihre Zersetzung durch den Strom 

und ihr elektromotorisches Verhalten in galvanischen Ketten. Ann. 
dev Phys. [4] 26 , 927-973- 1908. 

(276) Haberlandt, G. Physiological Plant Anatomy. English, edition. London, 

1914. 

(277) Hagenbach, a. Ueber Diffusion von Gasen durch wasserhaltige 

Gelatine, Wiedevmanns Ann. dev Phys. N.F. 66, 673-706. 1898. 

(278) Hamburger, H, J. Ueber den Einfluss chemischer Verbindungen auf 

Blutkorperchen in Zusammenhang mit ihren Molekulargewichten. 
Arch. f. Anat. u, Physiol,, Physiol. Abth. j!^jC-/[8j. 1886. 

(279) Ueber die durch Salz- und Rohrzuckerlosungen bewirkten 

Veranderungen der Blutkorperchen, Avch. f. Anat. u. Physiol., 
Physiol. Ahth. 1887. 

(280) Die Permeabilitat der rothen Blutkorperchen in Zusammenhang 

mit den isotonischen Coefificienten. Zeitsch.f. Biol. 26, 414—433, 1889. 

(281) Die isotonischen Koeffizienten und die roten Blutkorperchen. 

Zeiisch. f. physih. Chem. 6, 319-333. 1890, 

(282) Hannig, E. Unt^suchungen fiber die Verteilung des osmotischen 

Drucks in der Pflanze in. Hinsicht auf die Wasserleitung. Bev. dent, 
hot. Ces. 80 , 194-204. 1:912. 

(283) Hanstbent, B. Ueber das Verhalten. der Kulturpflanzen zu den Boden- 

salzen, I und XI, Jakvb.f. utiss. Bot. 47 , 289-376. 1910. 



Permeability 259 

(284) Hansteen-Cranner, B. Ueber das Verhalten der Ktilturpflanzen zu den 

Bodensalzen. III. Beitrage zur Biochemie und Physiologie der 
Zellwand lebender Zellen. Jahrb. f. miss. Bot. 58, 536-598. 1914. 

(285) — — Beitrage zur Biocheraie und Physiologie der Zellwand und der 

plasmatischen Grenzschichten (Vorlaufige Mitteilung). Ber. deut. 
bot. Ges. 37, 380—391. 1919. 

(286) Zum Biochemie und Physiologie der Grenzschichten lebender 

Pflanzenzellen. Meldinger fra Norges Landsbrukheiskole, Kristiania, 
2, 1-160. 1922. 

(287) Hardy, W. B. On the Structure of Cell Protoplasm. Journ. Physiol. 

24, 158-210. 1899. 

(288) On the Mechanism of Gelation in Reversible Colloidal Systems. 

Proc. Roy. Soc. London, B, 66, 95-109. 1900. 

(289) Colloidal Solution. The Globulins. Journ. Physiol. 38, 251-337. 1905. 

(290) Harris, J. A. Physical Chemistry and Phytogeography. Scimco, N.S. 

46, 25-30. 1917. 

(291) On the Osmotic Concentration of the Tissue Fluids of Phanero- 

gamic Epiphytes. Amer. Journ. Bot. 5, 490-506. 1918, 

(292) Harris, J. A. and Gortner, R. A. Note on the calculation of the 

osmotic pressure of expressed vegetable saps from the depression 
of the freezing-point, with a table for the values of P for A =o-ooi®- 
2'999®. Amer. Journ. Bot. 1, 75-78. 1914. 

(293) Harris, J. A., Gortner, R. A., Hofman, W. F. and Valentine, A. T. 

Maximum Values of Osmotic Concentration in Plant Tissue Fluids. 
Proc. Soc. Exper, Biol, and Med. 18, 106-109. 1921. 

(294) Harris, J. A., Gortner, R. A. and Lawrence, J. V. The Relationship 

between the osmotic concentration of leaf sap and height of leaf 
insertion in trees. Bull. Torrey Bot. Club, 44, 267-286. igij. 

(295) — On the Relationship between Freezing-Point Lowering, 

A, and Specific Conductivity, K, of Plant Fluids. Science, N.S. 82, 
494-495- 1920. 

(296) (1921 a). On the Differentiation of the Leaf Tissue 

Fluids of Ligneous and Herbaceous Plants with Respect to Osmotic 
Concentration and Electrical Conductivity. Journ. Gen. Physiol. 8, 
343-345- 1921. 

(297) (1921 6). The Osmotic Concentration and Electrical 

Conductivity of the Tissue Fluids of Ligneous and Herbaceous 
Plants. Journ. Phys. Chem. 25, 122-146. 1921. 

(298) Harris, J. A. and Lawrence, J. V. On the Osmotic Pressure of the 

Tissue Fluids of Jamaican Loranthaceae parasitic on various hosts. 
Amer. Journ. Bot. 3, 438-445. 1916. 

(299) — (1917 a). Cryoscopic Determination of Tissue Fluids of Plants 

of Jamaican coastal deserts. Bot. Gaz. 64, 285-305. 19x7. 

(300) — (1917 6). The Osmotic Concentration of the Tissue Fluids of 

Jamaican Rain-Forest Vegetation. Amer. Journ. Bot. 4, 268-298. 
1917. 

(301) Harris, J. A., Lawrence, J. V., with the co-operation of Gortner, 

R.A. The Cryoscopic Constants of Expressed Vegetable Saps as 
related to Local Conditions in the Arizona Deserts. Physiol. Res. 
2, 1-49. 1916. 

(302) Harris, J. A. and Popenhoe, W. Freezing-Point Lowering of the Leaf 

Sap of the Horticultural T5T)es of Persea americana. Journ. Agric. 
Res. 7,261-268. 1916. 

{303) Harris, J. A. and Valentine, A. T# The Specific Electrical Con- 
ductivity of the Tissue Fluids of Desert Loranthaceae. Proc. Soc. 
Exper. Biol, and Med. 18, 95-97. 1920. 

(304) Harvey, E. N. Studies on the Permeability of Cells, Journ. Exper. 
Zooi. 10, 507-556. 1911. 


17 — a 


26o Walter Stiles 

(305) Harvey, E. N. A Criticism of the Indicator Method of determining 

Cell Permeability for Alkalies. Amer. Journ. Physiol. 31, 335-342. 

1913. 

(306) Haskeix, R. The Effect of Concentration and Ionization on the Rates of 

Diffusion of Salts in Aqueous Solution. Phys. Rev. 27 , 145-182. 1908. 

(307) Hatschek, E. An Introduction to the Physics and Chemistry of Colloids. 

London, 1913. 

(308) Haupt, H. Zur Secretionsmechanik der extrafloralen Nektarien. Flora, 

90 , 1-41. 1902. 

(309) Hawkins, L. A. The Influence of Calcium, Magnesium and Potassium 

Nitrates upon the Toxicity of Certain Heavy Metals towards Fungus 
Spores. Physiol. Res. 1, 57-92. 1913. 

(310) Haynes, Dorothy. The Action of Salts and Non-Electrolytes upon 

Buffer Solutions and Amphoteric Electrolytes and the Relation of 
these Effects to the Permeability of the Cell. Biochem. Journ. 15 , 
440-461. 1921. 

(31 1) Hecht, K. Studien iiber den Vorgang der Plasmolyse. Beitr. Biol. 

Pflanzen, 11, 137-192. 1912. 

(312) Hedin, S. G. (1895 a). Ueber die Brauchbarkeit der Centrifugalkraft 

fur quantitative Blutuntersuchungen. Pfiugevs Arch. f. d. ges. 
Physiol. 60 , 369-404. 1895. 

(313) {1895 b). Ueber die Bestimmung isotonischer Konzentration durch 

Zentrifugieren von Blutmischungen. Zeitsch. f. physik. Chem. 17 , 
164-170. 1895. 

(314) Einige Bemerkungen Koppes Abhandlung: Ueber eine neue 

Methode zur Bestimmung isotonischer KonzentrSttion. Zeitsch. f. 
physik. Chem. 21 , 272-276. 1896. 

{315) Heidenhain, R. Versuche iiber den Vorgang der Hamabsonderung. 
Pfliigers Arch. f. d. ges. Physiol. 9 , i-ay. 1874. 

(316) Heimbrodt, F. Diffusionkoeffizienten in Abhangigkeit von der Kon- 

zentration, bestimmt mit Hilfe gekriimmter Lichtstrahlen. Inaug,- 
Diss, Leipzig, 1903. Ann. ier PAys. [4] 18 , 1028-1043. 1904, 

(317) Heller, A. Ueber die Wirkung atherischer Ole und einiger verwandter 

Korper auf die Pflanzen. P/om, 98 , 1-31. 1904. 

(318) Helm, G. Die Lehr e von der Energie. Leipzig, 1887. Cited from Bayliss 

(1915). 

(319) Helmholz, H. Studien uber electrische Grenzschichten. Wiedermanns 

Ann. Phys. u. Chem. N.F. 7 , 337-382. 1879. 

(320) Herzog, R. O. Ueber die Adsorption von Zuckerarten durch Tierkohle. 

(Nach Versuchen von J. Adler.) Zeitsch. f. physik. Chem. 60 , 79-84. 

1909. 

(321) — — Zur Kcnntnis der Losungen. Zeitsch. f.Elektrochem. 16, 1003-1004. 

1910. 

(322) Zur Erkenntnis der Vorgange bei der Gerbung. Zeitsch. f. Chem. u. 

Ind. der Kolloide (Kolloid-Zeitsch.), 2, II. Supplementheft, iii-xi. 
1908. 

(323) Hill, A, W. The Histology of the Cell Wall, with Special Reference to 

the Mode of Connection of Cells. Part I. The Distribution and 
Character of “Connecting Threads" in the Tissues of Pinus syl- 
VBstris and other allied Species, Phil. Trans. Roy. Soc. London, B, 
194 , 83-125. 1901. 

(324) Hill, T. G. Observations on the Osmotic Properties of the Root Hairs 

of Certain Salt Marsh Plants. New Phyt. 7, 133-I42. 1908. 

(325) The Water Economy^of Maritime Plants. Sci. Prog. 14 , 60-80. 1919. 

(326) Hind, Mildred. Studies in Permeability. III. The Absorption of Acids 

by Plant Tissue. .(Inti:. o/Bot 80, 223-238, 1916. 

(327) Hoagland, D. R. The Relation of the Plant to the Reaction of the 

Nutrient Medium, Science, N.S. 48 , 422-425, 1918. 


Permeahility 261 

(328) Hober, R. Die DurcWassigkeit der Zellen fur Farbstoff. Biochem. 

. Zeitsch. 20, 56-99. 1909. 

(329) Fine Methode die elektrische Leitfahigkeit im Iimem von Zellen 

zu messen. Pfliigers Arch. f. d. ges. Physiol. iZS, 23^-253. 1910. 

(330) (1912 a). Ueber die Verteilung des Blutzuckers auf Korpercben 

und Plasma. Biochem, Zeitsch. 4 ! 5 , 209-220. 1912. 

(331) (1912 h). Ein»zweites Verfahren, die Leitfahigkeit im Innern von 

Zellen zu messen. Pfliigers Arch. f. d. ges. Physiol. 148 , 189-221. 
1912. 

(332) Messungen der inneren Leitfahigkeit von Zellen. Dritte Mitteilung. 

Pfliigers Arch. f. d. ges. Physiol. 150 , 15-45. 1913. 

(333) (1914 o,)- Physikalische Chemie der Zelle und der Gewebe. Vierte 

Aufl. Leipzig and Berlin, 1914. 

(334) — — (1914 b). Zur physikalischen Chemie der Vital:^rbung. Biochem. 

Zeitsch. 67 , 420-430. 1914. 

(335) Hober, R. and Chassin, S. Die Farbstolie als Kolloide und ihr Ver- 

halten in der Niere vom Frosch. Zeitsch. f. Ckem. und Ind. d. 
Kolloide (Kolloid-Zeitsch.), 3 , 76-80. 1908. 

(336) H6ber, R. and Kempner, F. Beobachtungen uber Farbstoffaus- 

scheidung durch die Nieren. Biochem. Zeitsch. ii, xo$-izo. 1908. 

(337) H6ber, R. and Nast, O. Weitere Beitrage zur Theorie der Vitalfarbung. 

Biochem. Zeitsch. 50 , 418-436. 1913. 

(338) HSfler, K. Die plasmolytisch-volumetrische Methode und ihre An- 

wendbarkeit zur Messung des osmotischen Wertes lebender Pflan- 
zenzellen. Ber, deut. hot. Ges. 85 , 706-726. 1917. 

(339) (1918 a). Permeabilitatsbestimmung nach der plasmometrischen 

Methode. Ber. deut. hot. Ges. 86, 414-422. 1918. 

(340) (1918 &). Ueber die Permeabilitat der Stengelzellen von Trade- 

scaniia elongata fiir Kalisaltpeter. Ber. deut. hot. Ges. 86, 423-442. 
1918. 

(341) Ueber den zeitlichen Verlauf der Plasmadurchlassigkeit in Salz- 

losung. I. Ber. deut. hot. Ges. 87 , 314-^26. 1919. 

(342) Ein Schema fiir die osmotische Leistung der Pflanzenzelle. Ber. 

deut. hoi. Ges. 88, 288-298. 1920. 

(343) HOeler, K. and Stiegler, A. Ein aufialiger Permeabilitatsversuch in 

HamstoiSosung. Ber. deut. hot. Ges. 89 , 157-164. 1921. 

(344) Hopkins, F. G. The Dynamic Side of Biochemistry. Rep. British Ass. 

for the Advancement of Sci. Birmingham Meeting, 1913. London, 

1914- 

(345) HiiFNER, G. and Gannser, E. Ueber das Molekulargewicht des Oxy- 

hamoglobins. Arch. Anat. u. Physiol., Physiol. Abt. 2og-2i6. 1907, 

(346) Iljin, V., Nazarova, P. and Ostrovskaia, M. Osmotic Pressure in 

Roots and in Leaves in Relation to Habitat Moisture. Journ. Ecol. 
4 , 160-173. 1916. 

(347) Irwin, Marian (1922 a). Penetration of Dyes into Living Cells. Amer. 

Journ. Physiol. 59 , Proc. 458. 1922. 

(348) — — (1922 b). The Permeabihty of Living Cells to Dyes as affected by 

Hydrogen-Ion Concentration. Journ. Gen. Physiol. 4 , 223-224. 
1922. 

(349) Jager, G. (i8gi a). Ueber die Abhangigkeit der Capillaritatsconstanten 

von der Temperatur und deren Bedeutung fiir die Theorie der 
Fliissigkeiten. Sitmngsber, hais. Akad, Wiss. in Wien, Math.-nat. 
Cl. 100 , Abt. II a, 245-270. 1891. 

(350) (1891 &). Das Gesetz der Oberflachenspannung von Losungon. 

Sitzungsher. kais. Akad. Wiss. in Wien, Math.-nat. Cl. 100, Abt. II a, 
493-514. 1891. 

(351) Janse, J. M. (1887 a). Plasmolytische Versuche an Algen. Bot. Cen- 

tralbl. 82 , 21-26. 1887. 


262 Walter Stiles 

(352) Janse, J. M. (1887 fe). Die Penneabilitat des Protoplasma. Verslagen en 

Meded. der K. Ahad. v. Wetensch. te Amsterdam, Afd. Natuurkunde, 

[3] 4 , 332-436- 1887. 

(353) Johnson, H. V. The Absorption of Ions by Living and Dead Roots. 

Amer. Journ. Bot. %, 250-0.$^. 1915. 

{354) Jorgensen, I. and Stiles, W. Carbon Assimilation : A Review of Recent 
Work on the Pigments of the Green Leaf and the Processes connected 
with them. London, 1917. 

(355) ' Kahho, H. (1921 a). Ueber die Beeinflnssung der Hitzekoagulation des 

Pflanzenplasmas dnrch Neutralsalze. I. Mitteilung. Biochem. 
Zeitsch. 117 , 87-95. 1921. 

(356) — — (1921 h). Zur Kenntnis der Neutralsalz-wirkung auf das Pflanzen- 

plasma. II. Mitteilung. PiocAew. 120, 125-142. 1921. 

(357) {1921 c). Ein Beitrag zur Giftwirkung der Schwermetallsalze auf 

das Pflanzenplasma. III. Mitteilung. Biochem. Zeitsch. 122 , 39-42. 
1921. 

(35S) (1921 d). Ein Beitrag zur Permeabilitat des Pflanzenplasmas fiir 

Neutralsalze. IV. Mitteilung, Biochem. Zeitsch. 123 , 2S4-303. 
1921. 

(359) Kahlenberg, L. On the Nature of the Process of Osmosis and Osmotic 

Pressure with Observations concerning Dialysis. Journ. Phys. 
Chem. 10, 14 1-209. 1906. 

(360) Kahlenberg, L. and True, R. H. On the Toxic Action of Dissolved 

Salts and their Electrolytic Dissociation. Bot. Gaz. 22 , 81-124. 
1896. 

(3fli) Keller, C. Pedology. 1913. Cited from Iljin, Nazarova and Ostrov- 
skaja (1916). 

(362) Kelvin, Baron. Five Applications of Fourier’s Law of Diffusion, 

illustrated by a Diagram of Curves with absolute Numerical Values. 
Rep. British Ass. for the Advancement of Sci. Bath Meeting, 1888. 
London, 1889. 

(363) — — Mathematical cmd Physical Papers, Vol. in. Cambridge, 1890. 

(364) Kite, G. L. (1913 a). The Relative Permeability of the Surface and 

Interior Portions of the Cytoplasm of Animal and Plant Cells. (A 
Preliminary Paper.) Biol. Bull. 25 , 1-7. 1913. 

(365) r (1913 b). Studies on the Physical Properties of Protoplasm. I. The 

Physical Properties of Protoplasm of Certain Animal and Plant 
Cells. Amer. Journ. Physiol. 32 , 146-164. 1913. 

(366) Studies on the Permeability of the Internal Cytoplasm of Animal 

and Plant Cells, Amer. Journ. Physiol. 87 , 282-299. 1915 
(3G7) Klebs, G. Beitrage zur Physiologic der Pflanzenzelle. Ber. deut. hoi. Ges. 

5 , 181-188. 1887; Vniersuchungen a. d. bot. Inst, zu Tubingen, 2, 
489-568. 1888. 

{368) Klemm, P. Beitrag zur Erforschung der Aggregationsvorgange in 
lebenden Pflanzenzellen. Flora, 75 [N.R. 50 ], 395-420. 1892. 

(369) Knop, W. Ueber die Ernahrung der Pflanzen durch wasserige Losungen 

bei Ausschluss des Bodens. Lawatw. 2, 65-99, 270-293. 

i86q. 

(370) Kny, L. Der Turgor der MarkstrahlzeUen, Landw. Jahrb. 38,375-394. 

1909. 

(371) Koltzoef, N. K. Zur Frage der Zellgestait. Anat. Anzeiger, il, iS^-207. 

1912... 

(372) KOppe, H. (1895 a). Ueber den Quellungsgrad der rothen Blutscheiben 

durch aequimoleculare SalzlSsung und iiber den osmotischen Druck 
des Blutplasmas. Arch. Anal. u. Physiol., Physiol. Abt. 154-184 
1895. 

- (1893 b). Eiue neue Methode zur Bestimmung isotonischer Kon- 
zentration. Zeitsch. f. physik. Chem. 16,261-288. 1895. 


(373) 


Permeahility 263 

(374) Physiologische Kochsalzlosung — ^Isotonie — osmotische Druck. Pfliigers 

Aroh.f. d. ges. Physiol. 65 . 492-502. 1897, 

(375) Kozawa, S. Eine Sonderstellung der menscMichen, Blutkorperchen in 

der Durchlassigkeit fiir Monosacckaride. Zmtralhl. f. Physiol. 27 , 

2 pp. 1913. 

(376) Beitrage zum arteigenen Verhalten der roten Blutkorperchen. III. 

Artdifferenzen in der Durchlassigkeit der roten Blutkorperchen. 
Biochem. Zeitsch. 60 , 231-256. 1914. 

(377) Krabbe, G. Ueber den Einfluss der Temperatur auf die osmotische 

Processe lebender Zellen. Jahrb. f, wiss. Bot. 29 , 441—498. 1896. 

(378) Kraus, G. Ueber Stoffwechsel bei den Crassulaceen. Abhandl. d. 

Naturf. Ges. zu Halle, 16 , 393-479. 1886. 

(379) Kuhne, W. Unteysuchungen uhev das Protoplasma und die Contractility. 

Leipzig, 1864. 

{380) KiiSTER, E. Ueber die Aufnahme von Anilinfarben in lebende Pflanzen- 
zellen. Jahrb. f. wiss. Bot. SO, 261-288. 1911. 

(381) Ueber Vitalfaxbung der Pflanzenzellen, Zeitsch. /. wiss. Mikro- 

shopie, 85 , 95-100. 1918. 

(382) KdsTER, F. W. Beitrage zur Molekulargewichtsbestimmung an “festen 

Losungen.” Zeitsch. /. physik. Chem. 18 , 445-458. 1894. 

(383) Lacks, H. and Michaelis, L. Ueber die Adsorption der Neutralsalze. 

Zeitsch. f. Elektroehem. n, 1-5. 1911. 

(384) Lapique, L. Influence des acides et bases sur une algue d’eau douce. 

Comp. rend, soc. biol. Si, 493-^96. 1921. 

(385) Laurent, J. Sur Tabsorption des matiferes organiques par les racines. 

Comp. rend. acad. sci. 125 , 887-889. 1897. 

(386) Lauterborn. Ueber Bau und Kerntheilung der Diatomateen. 1893. Cited 

from Pfeffer (1900). 

(387) Leathes, J. B. The Fats. London, 1910. 

(388) Lenard, P. Ueber die Schwingungen fallender Tropfen. Ann. der Pkys. 

u. Chem. N.F. 80 , 209-243. 1887. 

(389) Lepeschkin, W. W. Beitrage zur Kenntnis der Mechanismus der 

aktiven Wasserausscheidung. Beih. z. hot. Centralbl. 19 , Abt. i, 
409-452. 1906. 

(390) (1908 a). Ueber den Turgordruck der vakuolisierten Zellen, Ber. 

deut. bot. Ges. 20 a, 198-214. 1908. 

(391) (1908 Z)). Ueber die osmotischen Eigenschaften und der Turgor- 

druck der Blattgelenkzellen der Leguminosen. Ber. deut. bot. Ges. 
26 a, 231-237. 1908, 

(392) — — (igo8 c). Zur Kenntnis der Mechanismus der Variationsbewe- 

gungen. Ber. deut. bot. Ges. 20 a, ^24-735. 1908, 

(393) (1909 id). Ueber die Permeabilitatsbestimmung der Plasmamembran 

fiir geloste Stoffe. Ber. deut. bot. Ges. 27 , 129-142. 1909. 

(394) {1909 b). Zur Kenntnis der Mechanismus der photonastischen 

Variationsbewegungen und der Einwirkung des Beleuchtungs- 
wechsels auf die Plasmamembran. Beih, z. bot. Centralbl. Abt. 1, 
24 , 308-356. 1909. 

(395) (1910 a). Zur Kenntnis der Plasmamembran. Ber. deut. bot. Ges. 

28 , 91-103- 1910. 

(3^5) {1910 b). Zur Kenntnis der Plasmamembran. Ber. deut. bot. Ges. 

28 , 383-393. 1910. 

{^gy) (1911 a). Ueber die Struktur des Protoplasmas. Ber. deut. hot. Ges. 

29 , 181-190. 1911. 

(3g8) {1911b). Zur Kenntnis der chemischen Zusammensetzung der 

Plasmamembran. Ber. deut. hot. Ges. 29, ■Z4y-26i. 1911. 

(299) {1911c). Ueber die Einwirkung anasthesierender Stofie auf die 

osmotischen Eigenschaften der Plasmamembran. Ber. dexd. bot. 
Ge5. 29 , 349-355- 1911. . 


264 Walter Stiles 

(400) Lewis, W. C. McC. An Experimental Investigation of Gibbs's Theory of 

Surface-Concentration, regarded as the Basis of Adsorption (Second 
Paper). Phil. Mag. Ser. 6, 17 , 466-494. 1909. 

(401) — — Contribution to the Discussion of a paper by W. W. H. Gee and 

W. Harrison; The Electrical Theory of Dyeing. Trans, Faraday 
Soc. 6, 62-64. 1910. 

(402) Thermite. Recherches sur I’endosmose. Ann. chim. phys. Ser. 3, 4 - 3 , 

420-431. 1855. 

(403) Lidforss, B. Zur Biologie des Pollens, Jahrb.f. wiss. Bot. 29 , 1-138. 

1896. 

(404) Die wintergriine Flora. Eine biologische Untersuchung. Lunds 

Univ. Aarskr. N.F. 2, No. 2. 1907. 

(405) Liebig, J. Recherches sur quelques-unes des causes du mouvement des 

liquides dans Torganisme animal. Ann. chim. phys. S6r. 3, 25 , 
367-447, 1849. 

(406) Lillie, R. S. The Influence of Electrolytes and of certain other Con- 

ditions on the Osmotic Pressure of Colloidal Solutions. Amer. 
Journ. Physiol. 20, 127-169. 1907. 

(407) The Relation of Stimulation and Conduction in Irritable Tissues 

to Changes in the Permeability of the Limiting Membranes. Amer. 
Journ. Physiol. 28 , 197-222. 1911. 

(408) Lister, A. Notes on the Plasmodium of Badhamia utricularis and 

Brefeldia maxima. Ann. of Bot. 2, 1-24. 1888. 

(409) Livingston, B. E. The R6le of Diffusion and Osmotic Pressure in Plants. 

Chicago, 1903. 

(410) Lloyd, Dorothy J. The Relation of Excised Muscle to Acids, Salts 

and Bases. Proc. Roy. Soc. London, B. 89 , 277-290. 1916. 

(411) Lloyd, F. E. The Behaviour of Protoplasm as a Colloidal Complex. 

Ymf-Book Carnegie Institution of Washington, 14 ;, 66-69. I 9 I 5 - 

(412) The Embryo-Sac and Pollen Grain as Colloidal Systems. Mem. 

New York Bot. Card. 6, 561-563. 1916. 

(413) (1917 «). The Effect of Acids and Alkalis on the Growth of the 

Protoplasm in Pollen Tubes, Mem. TorreyBot. Club, 17 , 84-89. 1917. 

(414) — - (19176). The Colloidal Properties of Protoplasm: Imbibition in 

Relation to Growth. Trans. Roy. Soc. Canada, Ser, III, 9 , 133-139. 

1917- 

(415) L6 b, W. Ueber Molekulargewichtsbestimmung von in Wasser loslichen 

Substanzen mittels der rothen Blutkorperchen, Zeitsch. f. physik. 
Chem. 14 , 424-432. 1894. 

(416) Loeb, j. Physiologische Untersuchungen iiber lonenwirkung. I. Mit- 

theilung. Versuche am Muskel. Pflugers Arch. f. d. ges. Physiol, 
69 , 1-27. 1897. 

(417) (1900 a). Ueber die Bedeutung der Ca- und K-Ionen fiir die 

Herzthatigkeit. Pfliigers Arch. f. d. ges. Physiol. BO, 1900. 

(418) (19006). On lon-Proteid Compounds and their R 61 e in the 

Mechanics of Life Phenomena, I. The Poisonous Character of a 
Pure NaCl Solution. Amer. Journ. Physiol. B, 1900. 

(419) Ueber den Einfluss der Werthigkeit und moglicher Weise der 

elektrischen Ladung von lonen auf ihre antitoxische Wirkung. 
Vorlaufige Mittheilung. Pflugers Arch.f. d. ges. Physiol. 88, 68-78. 
1901, 

(420) Studies on the Physiological Effects of the Valency and Possibly 

the Electric Charges of Ions. I. The Toxic and Antitoxic Effects 
of Ions as a Function of their Valency and Possibly their Electric 
Charge. Amer. Journ. Physiol. B, igoz. 

(421) Weitere Bemerkungen zur Theorie der antagonistischen Salzwir- 

kungeir. Pflugers Arch. f. d. ges. Physiol. \01 , 1905, 

{422) The Dynamics of Living Matter. New York, 1906. 


Permeability 265 

{423) Tile Relation of Osmotic Pressure and Imbibition in the Living 

Muscle, Science, N.S. 48 , 688-690. 1916. 

{424) — — Amphoteric Colloids. I. Chemical Influence of the Hydrogen-Ion 
Concentration. Journ. Gen, Physiol, i, 39-60. 1918. 

(425) (1920 a). Influence of a Slight Modification of the Collodion Mem- 

brane on the Sign of Electrification of Water. Journ. Gen. Physiol. 
2, 255-271. 1920. 

(426) {1920 b). Influence of the Concentration of Electrolytes on some 

Physical Properties of Colloids and Crystalloids. Journ. Gen. 
Physiol. 2, 273-296. 1920. 

(427) (1920 c). On the Cause of the Influence of Ions on the Rate of 

Diffusion of Water through Collodion Membranes. I. Journ. Gen. 
Physiol. 2, 387-408. 1920. 

(428) (1920 d). On the Cause of the Influence of Ions on the Rate of 

Diffusion of Water through Collodion Membranes. II. Journ. Gen. 
Physiol. 2, 563-576. 1920. 

(429) — — (1920 e). The Reversal of the Sign of the Charge of Membranes 

by H-Ions. Journ. Gen. Physiol. 2, 1920. 

(430) (1920/). The Reversal of the Sign of the Charge of Collodion 

Membranes by Trivalent Cations. Journ. Gen. Physiol. 2, 659-671. 
1920. 

(431) (1920 g). Ionic Radius and Ionic Efficiency. Journ. Gen. Physiol. 

2, 673-687. 1920. 

(432) The Origin of the Potential Differences responsible for Anomalous 

Osmosis. Journ. Gen. Physiol. 4 , 213-226. 1921, 

(433) Loeb, J. and Beutner, R. Ueber die Potentialdifferenzen an der unver- 

sehrten und verletzten Oberflache pflanzlicher und tierischer 
Organe. Biochem. Zeitsch. 41 , 1-26. 1912. 

(434) Loeb, J. and Gies, W. J.. Weitere Untersuchungen fiber die entgiftenden 

lonenwirkungen und die Rolle der Werthigkeit der Kationen bei 
diesen Vorgangen. Pfiugers Arch.f. d.ges. Physiol. 93 , 246-268. 1902. 

(435) Loewe, S, Zur physikalischen Chemie der Lipoide. I-IV. Biochem. 

Zeitsch. 42 , 150-218. 1912. 

(436) Lundegardh, H. Ueber die Permeabilitat der Wurzelspitzen von Vida 

Faba unter verschiedenen ausseren Bedingungen. K, Svenska 
Vetenskapsakad. Handlingar, 47 , No, 3, 1-254. IQU. 

(437) McClendon, J. F. On the Dynamics of Cell Division. Amer. Journ. 

Physiol. 27 , 240-275. 1910. 

(438) McCool, M M. The Action of Certain Nutrient and Non-nutrient Bases 

on Plant Growth. Cornell Univ. Agric. Exper. Sta., Mem. 2 , 115-216. 

1913- 

(439) McCool, M. M. and Millar, C. E. The Water Content of the Soil, and 

the Composition and Concentration of the Soil Solution, as indicated 
by the Freezing-point Lowerings of the Roots and Tops of Plants. 
Soil Sci. 8, 113-138. 1917, 

(440) MacDougal, D. T. Copper in Plants. Bot, Gas. 27 , 68. 1899. 

(441) (19110). An attempted Analysis of Parasitism. Bot. Gas. 62 , 

249-260. 1911. 

(/I42) (1911 b). Induced and Occasional Parasitism. Bull. Torrey Bot. 

Club, 38 , 473-480. 1911. ‘ 

(443) (1916 a). The Mechanism and Conditions of Growth. Mem. New 

York Bot. Card. 6, 5-26. igi6. 

(444) (19166). Imbibitional Swelling of Plants and Colloidal Mixtures. 

Science, N.S. 44, 503-505. 1916. 

(445) The Relation of Growth and Swelling of Plants and Biocolloids to 

Temperature. Proc. Soc. Exper. Biol, and Med. 15 , 48-50, 1917. 

(446) Effect of Bog and Swamp Waters on Swelling in Plants and 

Biocolloids. Plant World, 1918. 


266 Walter Stiles 

(447) MacDoitgal, D. T, Hydration and Growth. Puhl. Carnegie Inst. 

Washington, No. 297, 182 pp. Washington, 1920. 

(448) — — The Histensive Agencies in the Growth of the Cell, Proc. Sac. 

Exper. Biol, and Med, 19 , 103-110. 1921. 

(449) MacDougai.,' D. T. and Cannon, W. A. The Conditions of Parasitism in 

Plants. Washington, 1910. 

(450) MacDougal. D. T., Richards, H., M. and Spoehr, H. A. Basis of 

Succulence in Plants. So«. Ga.s'. 67 , 405-416. 1919- 

(451) MacDougal, D. T. and Spoehr, H. A. (1917 «)• Behavior of Certain 

Gels Useful in the Interpretations of the Action of Certain Plants. 
Saewce, N.S. 45 , 484-488. 1917. 

(452) (19^7 h). The Effects of Acids and Salts on Bio-CoUoids. 

Science, N.S. 46 , 269-272. 1917. 

(453) (1917 c). Growth and Imbibition. Proc. Amer. Phil. Soc. 56 , 

289-352. 1917- 

(454) The Solution and Fixation accompanying Swelling and Drying 

of Biocolloids and Plant Tissues. Plant World, 22 , 129-137. 1919. 

(455) The Components and Colloidal Behavior of Plant Proto- 

plasm. Proc. Amer. Phil. Soc. 59 , 150-170. 1920. 

(456) McGee, J.M. The Imbibitional Swelling of Marine Algae. Plant World, 

21, 13-15. 1918. 

{457) Maluguti and Durocher. Recherches sur la repartition des elements 
inorganiques dans les principales families du rdgne vegetal. Ann. 
Sci. Nat,, Bot. Ser. 4, 9 , 222-256. 1858. 

{458) Margin, L. Proprietes et reactions des composes pectiques. Journ. de 
Bot. 6, 206-212, 235-244, 363-368. 1892; 7 , 37-47, 121-131, 
325-343. 1893. 

(459) MAQUEiifNE, L. Sur la pression osmotique dans les graines germees. 

Comp. rend. acad. sci. 128 , 898-899. 1896. 

(460) Marie, C. H. and Gatin, C. L. Determinations cryoscopiques effectuees 

sur des sues vegetaux. Coraparaison d’especes de montagne avec 
les memes especes de plaine. Ass. franp. avanc. sci. Dijon, 40 , 
492-494. 1911. 

{461) Mason, T. G, On Some Factors affecting the Concentration of Electro- 
lytes in the Leaf Sap of Syringa vulgaris, Sci. Proc. Roy. Dublin 
Soc. 16 , 651-666. 1919. 

(462) Matruchot, L. and Molliard, M. Variations de structure d’une algue 

verte sous I’influence du milieu nutritif. Rev. gdn. bot. 40 , 1 14-130, 
254-268, 316-332. 1902. 

(463) Mayenburg, O. H. von. Losungsconcentration und Turgorregulation 

bei den Schimmelpilzen. Jahrh. f. miss. Bot. 1901. 

(464) Maz6, P. (1913 fl). Recherches de Physiologie vegetale (Deuxieme 

Memoire). Ann. Inst. Pasteur, 27 , 651-681. 1913. 

(465) (1913 b). Recherches de Physiologie V6g6tale (Troisitme Memoire). 

Ann. Inst. Pasteur, 27 , 1093-1143. 1913. 

(466) Recherches de Physiologie V6g6tale (Quatrifeme M6moire). Ann. 

Inst. Pasteur, 28 , 1-48 (repaged). 1914, ' 

(467) Meerburg, J. H. Zur Abhandlung Tammanns; Ueber Permeabilitat 

der Niederschlagsmembranen. Zeitsch. f. physih. Chem. 11, 446-448. 

1893. 

{468) Meier, J. Zur' Kenntnis des osmotischen Wertes der Alpenpflanzen. 

Inaug.-Diss. Freiburg, Switzerland, 1915. Cited from Ursprung 
and Blum (1916 c), 

(469) Meigs, E. B. On the Nature of the Semipermeable Membranes which 

surround the Fibres of the Striated Muscle. Proc. Soc. Exper. Biol, 
and Med. 10, 129-131. I913. 

(470) Meigs, E. B. and Ryan, L. A. The Chemical Analysis of the Ash of 

Smootli Muscle, Jown. Biol. Chem. 11, 401-414. 1912, 


Permeability 267 

{471) Metcalf, M. V. Ueber feste Peptonhautchen auf einer Wasserflacheund 
die Ursache ihrer Entstehen. Zeitsch. f. physih. Chem. 52 , 1-54. 
1905. 

(472) Meurer, ^ Ueber die regulatoriscbe Aufnahme anorganischen Stoffe 

durch. die Wurzeln von Beta vulgaris und Daucus Cavota. Jahrb. f. 
wiss. Bot. 46 , 503-567. 1909. 

(473) Meyer, A. Bildung der Starkekbrner in den Laubblattern aus Zucker- 

arten, Mannit und Glycerin. Bot. Zeit. 44 , 81-88, 104-113, 129-137, 
145-151. 1886. 

(474) Plasmaverbindungen und die Membranen von Volvox globator, 

aureus und tertius, mit Riicksicht auf die thierischen Zellen. Bot. 
Zeit. 54 , 187-217. 1896. 

(475) Meyer. A. Ueber die Methoden zur Nachweisung der Plasmaverbin- 

dungen. Ber. deut. bot. Ges. 15 , 166-177. 1897. 

{476) Meyer, H. H. Zur Tbeorie der Alkobolnarkose. Welclie Eigenschaft 
der Anaesthetica bedingt ihre narkotiscbe Wirkung? Arch, exper. 
Path. 42 , 109-118. 1899. 

(477) Michaelis, L. The Dynamics of Surfaces. An Introduction to the Study 

of Biological Surface Phenomena. English edition. London, 1914. 

(478) Molisch, H. Ueber den mikrochemischen Nachweis von Nitraten und 

Nitriten in der Pflanze mittelst Diphenylamin oder Brucin. Ber. 
deut. bot. Ges. 1 , 150-155. 1883. 

(479) Monnier, a. Les MatiSres Min^rales et la Loi d’Accroissenient des 

V^gbtaux. Univ.de Genlve, Inst, de Bot.B^x. 7, Ease. Ill, 37 pp. 1905* 

(480) Moore, B. On a Relation between the Surface-Tension and Osmotic 

Pressure of Solutions. Phil. Mag. Ser. 5, 88, 279-285. 1894. 

(481) Biochemistry. A Study of the Origin, Reactions and Equilibria of 

Living Matter. London, 1921. 

(482) Moore, B. and Roaf, H. E. Direct Measurements of the Osmotic 

Pressure of Certain Colloids. Biochem. Journ. 2, 34-73. I 907 > 

(483) On the Equilibrium between the Cell and its Environment 

in Regard to Soluble Constituents with Special Reference to the 
Osmotic Equilibrium of the Red Blood Corpuscles. Biochem. 
Journ. 8, 55-81. 1908. 

(484) Moore, B., Roaf, H. E. and Webster, T. A. Direct Measurement of 

the Osmotic Pressure of Casein in Alkaline Solution. Experimental 
Proof that the Apparent Impermeability of a Membrane to Ions is 
not due to the Properties of the Membrane but to the Colloid con- 
tained within the Membrane. Biochem. Journ. 6, 110-126. 1912. 

(485) Mora WITZ, H. Ueber Adsorption und KolloidfaUung. Kolloidchem. 

Beih. 1, 301-330. 1910. 

(486) Morse, H. N. New Osmotic Membranes prepared by the Electrolytic 

Process. Amer. Chem. Journ. 29 , 173-174. 1903, 

(487) The Osmotic Pressure of Aqueous Solutions: Report on Investiga- 

tions made in the Chemical Laboratory of the Johns Hopkins 
University during the Years 1899-1913. Publ. Carnegie Inst. 
Washington, 198 . Washington, 1914, 

(488) Morse, H. N. and Fraser, J. C. W. The Preparation of Cells for the 

Measurement of High Osmotic Pressures. Amer. Chem. Journ. 28 , 
1-23. 1902. 

(489) Osmotic pressure and Freezing-point of Solutions of Sucrose. 

Amer. Chem. Journ. 1905. 

(490) Morse, H. N., Fraser, J. G. W. and Dunbar, P. B. The Osmotic 

Pressure of Cane Sugar Solutions in the Vicinity of 5°. /I wer. CAew. 
Journ. S8, 175-226. 1907. 

(491) Morse, H. N., Fraser, J. C. W. and HollanE), W, W. The Osinotic 

Pressure of Cane Sugar Solutions in the Vicinity of the Freezing- 
point of Water. M wen CAew. /o«m. 87 , 425-467. 1907. 


268 Walter Stiles 

(492) Morse, H. N., Fraser, J. C. W. and Rogers, F, M. The Osmotic 

Pressure of Glucose Solutions in the Vicinity of the Freezing-point 
olWaier. Amer. Chem. Journ. 31 , 558-595. 1907. 

(493) Morse, H. N. and Holland, W. W. The Osmotic Pressure of Glucose 

Solutions at 10°. Amer. Chem. Journ. 40 , 1-18. 1908. 

(494) The Osmotic Pressure of Cane Sugar Solutions at 25°. Amev. 

Chem. Journ. 41 , i-ig. 1909. 

(495) The Regulation of Temperature in the Measurement of 

Osmotic Pressure. Amer. Chem. Journ. 41 , 92-117. 1909. 

(496) Morse, H. N., Holland, W. W. and Carpenter, J. L. The Relation of 

Osmotic Pressure to Temperature. Part 11 . Amer. Chem. Journ. 
45,237-263. 1911. 

(497) Morse, H. N., Holland, W. W., Fraser, J. C. W. and Hears, B. The 

Relation of Osmotic Pressure to Temperature. I. The Manufacture 
of the Cells employed in the Measurements. Amer. Chem. Journ. 45 , 
91-113. 1911. 

(498) Morse, H. N., Holland, W. W. and Myers, C. N. The Relation of 

Osmotic Pressure to Temperature. IV, The Membranes. Amer. 
Chem. Journ, 45 , 517-536. 1911. 

(499) Morse, H. N., Holland, W. W., Myers, C. N., Cash, G. and Zinn, J, B. 

The Osmotic Pressure of Cane Sugar Solutions at High Temperatures. 
Amer. Chem. Journ. 48 , 29-94. 19x2. 

(500) Morse, H. N., Holland, W. W. and Zies, E. G. The Relation of 

Osmotic Pressure to Temperature. III. Amer. Chem, Journ. 45 , 

. 383-396- 1911- 

{501) Morse, H. N., Holland, W. W., Zies, E. G., Myers, C. N., Clark, 
W. M. and Gill, E. E. The Relation of Osmotic Pressure to 
Temperature. V. The Measurements, Amer. Chem. Journ. 45 , 
554-603, 1911, 

(502) Morse, H, N. and Horn, D, W, The Preparation of Osmotic Membranes 

by Electrolysis. Amer. Chem. Journ. 26 , 80-86. 1901. 

(503) Morse, H. N. and Lovelace, B. F. Improvements in Manometers for 

the Measurement of Osmotic Pressure. Amer. Chem. Journ. 40 , ' 
325. 1908. 

(504) Morse, H. N. and Mears, B. The Osmotic Pressure of Cane Sugar 

Solutions at 15®. Amer. Chem. Journ. 40 , 194-213. 1908. 

(505) Morse, H, N. and Morse, H. V. Osmotic Pressure of Cane Sugar 

Solutions at 10°. Amer. Chem. Journ. 39 , 667-680. 1908. 

(506) Mott, F. W. The Bio-Physics and Bio-Chemistry of the Neurone. Brit. 

Med. Journ. 780-784. 1912. 

(507) Nageli, C. Beiirage ztir wissenschaftKchen Botanik. I-IV. Leipzig, 

1858—1868. 

(508) NIgeli, C, and Schwendener, S. Das Mikroshop. Theorie und An- 

wendung desselben. Zweite Aufl. 404. Leipzig, 1877. [English 
edition: The Microscope in Theory and Practice. London, 1887.3 

(509) Nathansohn, a. Zur Lehre von Stoffaustausch. Ber. deut. hot. Ges. 19 , 

509-512. 1901, 

(510) Ueber Reghlationserscheinnngen im Stoffaustausch. Jahrb. f. 

wiss. Bot. 88, 249-290. 1903, 

(511) (1904 a). Ueber die Regulation der Aufnahme anorganischen Salze 

dutch die Knollen von Dahlia. /aA»'6. /. le/fss. Ro^. 89 , 607-644. 1904. 

(512) ---— (1904 &). Weitere Mitteilungen iiber die Regulation der Stoff- 

aufnahme, /a^j'6. /. o/m. 40 , 403-442. 1904. 

(513) Nernst, W. Zur Kinetik der in Losung befindlichen Korper. I. Theorie 

• der Diffusion, Zeitsch. f. physik. Chem. 2, 6x3-637. 1888. 

(514) Die elektromotorische Wirksamkeit des Jonen, Zeitsch. f. physik. 

CAm. 4 , 129-18X, 1889. 

(5x5) Bin osmoti»cher Versuch. Zeitsch. f.physik. Chem. Q, 1890. 


PermeaUlity 269 

(516) Verteilung eines Stoffes zwischen zwei Losungsmitteln und zwischen 

Losungsmittel und Dampfraum. Zeitsch, f. physik. Chem. 8, iio- 
139. 1891. . 

(517) Ueber die Loslichkeit vonMischkrystallen. Zeitsch. f. physik. Chem, 

9 , 137-142. 1892. 

(518) Theoretical Chemistry from the Standpoint of Avogadro's Rule and 

Thermodynamics. Third English edition. London, 1911. 

(519) Nicolosi-Roncati, F. Ricerche su la conduttivitA elettrica e la pressione 

osmotica nei vegetali. Bui. delV Orto hot. della R. Univ. di Napoli, 

2, 205-212. 1909. 

(520) Nirenstein, M. Ueber das Wesen der Vitalfarbung. Pfliigers Arch. f. d. 

ges. Physiol. 179 , 233-337. 1920. 

(521) Noll, F. Beitrag zur Kenntniss der physikalischen Vorgange, welche 

den Reizkrummungen zu Grunde liegen. Arbeiten a. d. bat. Inst, in 
Wurzburg, 3 , 496-533. 1888. 

(522) Nollex, M, L’AsBi. Recherches sur les causes du Bouillonnement des 

Liquides. Histoire de VAcad. Roy. des Sci. avec les M6m. de Math, et 
de Phys. M6m. 57-104. 1748. (See pp. 101-104.) 

(523) Noxhmann-Zuckerkandl, Helene. Die Wirkung der Narkotica auf 

die Plasmastromung. Biochem. Zeitsch. 45 , 412-451. 1912. 

(524) Oholm, L. W. Elektrolyters hydrodiffusion. A had. af handling. Hel- 

singfors, 1902. Cited by Oholm (1905) and (1910). 

(525) Ueber die Hydrodiffusion der Elektrol3d:e. Zeitsch. f. physih. Chem. 

50 , 309-349- 1905. 

(526) Die freie Diffusion der Nichtelektrolyte. I. Ueber die Hydro- 

diffusion einiger optisch aktiven Substanzen. Zeitsch. f. physik, 
Chem. 70 , 378-407. 1910. 

(527) A New Method for Determining the Diffusion of Dissolved Sub- 

stances. Meddel. fran V etenskapsakad. Nobelinstiiut, 2, No. 22, 
23 pp. 1912. 

(528) The diffusion of an electrolyte in gelatine. Meddel. fran Veiens- 

kapsakad. N obelinsiitut, 2, No. 30, 1-8. 1913. 

, (529) OsiERHOUX, W. J. V. (1906 ffl). On the Importance of Phy.siologically 
Balanced Solutions for Plants. I, Marine Plants. Bot. Gaz. 42 , 
127-134. 1906, 

(530) — — (19066). On Nutrient and Balanced Solutions. Univ. California 

Publ., Bot. 2 , 10 pp. 1906. 

(531) (1906 c). Extreme Toxicity of Sodium Chloride and its Prevention 

by other Salts. Journ. Biol. Chem. 1 ,' 1906. 

(532) — — On the Importance of Physiologically Balanced Solutions for Plants. 

II. Fresh-water and Terrestrial Plants. Boi. Gcwr, 44 , 259-272. 1907. 

( 533 ) — — (1908 a). The Antagonistic Action of Magnesium and Potassium. 

Bot. Gaz. 45 , 117-124. 1908. 

(534) (19086). On Plasmolysis. Bot. Gaz. 53^55. 1908. 

(535) — — (1908 c). Die Schutzwirkung des Natriums fur Pfianzen. Jahrb.f. 

wiss.Bot. 46 , 121-136. 1908. 

(536) On the penetration of inorganic salts into living protoplasm. 

Zeitsch. f. physik. Chem. IB, 1910. 

(537) The permeability of living cells to salts in pure and balanced 

solutions. Sczcucc, N.S. 34 , 187-189. 1911, 

(538) {1912 a). The permeability of protoplasm to ions and the theory 

of antagonism. 5 cifi«cc, N.S; 86, 112-115. 1912. 

(539) (igi2 6). Reversible changes in permeability produced by electro- 

lytes. Science, N.S. 86, 350-352, 1912. 

(540) — (1912 c). Some chemical relations of plant and soil. Science, N.S. 

86, 571-576. 1912. 

(541) (1913 a). The Effect of Anesthetics upon Permeability. Science, 

N.S, 37 , 111-112. 1913. 


270 Walter Stiles 

(542) OsTERHOUT, W. J. V. (1913 b). Some Quantitative Researches on the 
Permeability of Plant Cells. The Plant World, 16 , 129-144. 1913. 

(^43) (1913 c). Protoplasmic Contractions resembling Plasmolysis 

whicharecausedbypuredistilledWater. 55 , 446-451. 1913. 

(1913 d). The Organisation of the Cell with Respect to Permea- 
bility. Science, N.S. 88, 408-409. 1913. 

(343) (1914 a). The Chemical Dynamics of Living Protoplasm. Science, 

N.S. 89 . 544-546. 1914* 

{546) (1914 b). Quantitative Criteria of Antagonism. Bot. Gaz. 58 , 

178-186. 1914. 

{547) — — (1914 c). The Measurement of Antagonism. Bot, Gaz, hB, 2 'j 2 - 2 '] 6 . 

1914. 

(548) — (1914 d). The Forms of Antagonism Curves as affected by Con- 

centration. Bot. Gaz. 58 , 367-371. 1914, 

(549) — — (19146). Vitality and Injury as Quantitative Conceptions. Science, 

N.S. 40 , 488-491. 1914. 

(550) (1914/). Stetige Anderungen in den Formen von Antagonismus- 

Kurven. jraAr6. /. wfss. Boi. 54 , 645-650. 1914. 

{551) (1914 S'). The Effect of Alkali on Permeability. Journ. Biol. Chem. 

19 , 335 - 343 - I 9 I 4 - 

(352) (1914 A). The Effect of Acid on Permeability. Journ. Biol. Chem. 

19 , 493-501. 1914- 

(553) (1914 Antagonism between Acids and Salts. Journ. Biol. Chem. 

19 , 517-520. 1914- 

(334) (19147). Ueber den Temperatur Koeffizienten des elektrischen 

Leitvermogens im lebenden und toten Gewebe. Biochem. Zeitsch. 
67 , 273-276. 1914. 

(555) (1915 «)• On the Nature of Antagonism. Sczewcfi, N.S. 41 , 255-256, 

1915- 

(556J (1915 fc). Normal and Abnormal Permeability, Amer. Journ. Bot, 

a. 93 - 94 - 1915. 

(557) (1915 c). Extreme Alterations of Permeability without Injury. 

Bot. Gaz. 59 , 242-253. 1915. 

(358) (1915 d). On the Decrease of Permeability due to Certain Bivalent ’ 

Rations. Bot. Gaz. 59 , 317-330. 1915. 

(559) (1915 c). The Effect of some Trivalent and Tetravalent Rations 

on Permeability. Bot. Gaz. 69 , 464-473. 1915. 

(560) (i9i6fl),PermeabilityandViscosity,Saewce, N.S. 48 , 857-859. 1916. 

(561) — (19166). The Penetration of Balanced Solutions and the Theory 

of Antagonism. Science, N.S. 44 , 395-396. 1916. 

(562) (1916 c). Antagonism and Weber’s Law. Sciewcc, N.S. 45 , 318-320. 

1916. 

(563) (1916 d). A Dynamicgl Theory of Antagonism. Proc. Amer. Phil. 

Soc. 55 , 533 - 553 - 1916. 

(564) (19166), Specific Action of Barium, ^mez. /owm. Boi. 3 , 481-482. 

1916. 

(565) {1916/). The Decrease of Permeability produced by Anesthetics. 

Bo#. Gasf. 61 , 148-158. 1916. 

(566) (1917 a). Similarity in the Effects of Potassium Cyanide and 

Ether. Bo#. Gax 63 . 77-T80. 1917. 

(567) (1917 b). Tolerance of Fresh Water by Marine Plants and its 

Relation to Adaptation. Bo#. Giw. 68, 146-149. 1917. 

(568) (1917 c). Antagonism and Permeability. Sc*ewc6, N.S. 45 , 97-103 

1917. 

(569) (1917 Does the Temperature Coefficient of Permeability 

indicate that it is Chemical in Nature? Bo#. Get?. 63 , 317-320. 1917. 

(570} (1917 e). The DyTiamics of the Process of Death. Journ. Biol. 

Chem. 81 , 585-589. 1917. 




Permeability 271 

(571) (1918 a). Conductivity as a Measure of Permeability. Jown. Biol. 

Chem, 36, 485-487. 1918. 

(572) (1918 b). Note on the Effect of Diffusion upon the Conductivity 

of Living Tissue. Journ. Biol. Chem. 36, 489-490. 1918. 

(573) (1918 c). A Method of Measuring the Electrical Conductivity of 

Tissues. Journ. Biol. Chem. 86, 557-568. igrS. 

(574) {igxg.a). A Comparative Study of Permeability in Plants. Journ. 

Gen. Physiol. 1, 299-304. 1919. 

(575) (19196). Decrease of Permeability and Antagonistic Effects 

caused by Bile Salts. Journ. Gen. Physiol. 1, 405-408. 1919. 

(576) (1919 c). A Comparison of Permeability in Plant and Animal 

Cells. Journ. Gen. Physiol. 1, 409-413. 1919. 

(577) — — {1919 d). Antagonism between Alkaloids and Salts in Relation to 

Permeability. Journ. Gen. Physiol. 1, 515-519. 1919. 

{578) (1920 a). The Mechanism of Injury and Recovery. Journ. Gen. 

Physiol. 3, 15-20. 1920. 

(579) (19206). A Theory of Injury and Recovery. I. Experiments with 

Pure Salts. Journ. Gen, Physiol. Z, 145-156. 1920. 

(580) Conductivity and Permeability. Journ. Gen. Physiol. 4, r-g. 1921. 

(581) (1922 a). Some Aspects of Selective Absorption. Journ. Gen. 

Physiol, i, 225-230. 1922. 

(582) (1922 b). Direct and Indirect Determinations of Permeability. 

Journ. Gen. Physiol. 4, 275-283. 1922. 

(583) OsTWALD, Wilhelm. Elektrische Eigenschaften halbdurchlassiger 

Scheidewande. Zeitsch. f, physik. Chem. 6, 71-82. 1890. 

(584) OsTWALD, Wolfgang. Ueber den Einfluss von Sauren und Alkalien auf 

die Quellung von Gelatine. Pfliigers Arch. f. d. ges. Physiol. 108, 
563-589. 1905. 

(585) Ueber feinere Quellungserscheinungen von Gelatine in Salzlosungen 

nebst allgemeineren Bemerkungen zur physikalisch-chemischen 
Analyse der Quellungskurven in Elektrolyten. Pfliigers Arch. f. d. 
ges. Physiol. Ill, 581-606. 1906. 

(586) Ueber die Beziehungen zwischen Adsorption und Giftigkeit von 

Salzlosungen fiir Susswassertiere (Garomarus). Pfliigers Arch. f. d, 
ges. Physiol. 120, 19-30, 1907. 

(587) Grundriss der Kolloidchemie. Dresden, 1909. (Vierte Aufl. 1917, 

etc. ; Siebente Aufl. 1922, etc.) 

(588) An Introduction to Theoretical and Applied Colloid Chemistry: the 

World of Neglected Dimensions. English edition. New York and 
London, 1917. 

(589) A Handbook of Colloid Chemistry. Second English edition. London, 

1919. 

(590) Otto, R. Untersuchungen fiber das Verhalten der Pflanzenwurzeln 

gegen Kupfersalzlosungen. Zeitsch. f. Pflammkrankheiten, 3, 322- 
334. 1893. 

(591) Overton, E. Ueber die osmotischen Eigenschaften der lebenden 

Pflanzen und Thierzelle, Vierteljahrschr. d. Naturf.-Ges. in Zurich, 
40, 159-201, 1895. 

(592) . — — Ueber die osmotischen Eigenschaften der Zelle in ihrer Bedeutung 

fiir die Toxikologie und Pharmakologie. Vierteljahrschr. d. Naturf.- 
Ges. in Zurich, 41, 383-406. 1896; Zeitsch. f. physik. Chem. 22, 
189-209. 1897. 

(593) Ueber die allgemeinen osmotischen Eigenschaften der Zelle, ihre 

vermuthlichen Ursachen und ihre Bedeutung fflr die Physiologic. 
Vierteljahrschr. d. Naturf.-Ges, in Zurich, ZB-155. iZgg. 

(594) Studien fiber die Aufnahme der AniUnfarben durch die lebende 

Zelle. Jahrb.f. wiss. Bot, 34, 669-701. 1900. 

(595) Studien iiber Narkose. Jena, 1901. 


Walter Stiles 


272 

(596) Padoa, M. and Corsini, Fernanda. Velocita di difEusione e idratazione 

in solnzione. Atti R. Accad. Lincei, Rendiconti, [5?- ser.], 24 (2 sem.), 
461-467. 1915- 

(597) Paine, S. G. The Permeability of the Yeast Cell. Proc. Roy. Soc. 

London, B, 84 , 289-307. 1911. 

(598) Palla, E. Beitrag zur Kenntniss des Banes des Cyanophyceen-Proto- 

plasts. Jahrb. f. wiss. Bot. 25 , 511-563. 1893. 

(599) Pantanelu, E. Zur Kenntnis der Turgorregulation bei Schimmel- 

pilzen. Jahrb. f. wiss. Bot. 40 , 303-367. 1904. 

(600) — — (1915 «)• Assorbimento elettivo di ioni nelle piante. Bull. Orto 

Bot. della R. Univ. Napoli, 5 , 1-54. 1915. 

(601) (1915 b). Snl meccanismo dell’ assorbimento dei sali nelle piante. 

. Rend. R. Accad. Sci. Fis. e Mat. di Napoli, 1-9 (in reprint). 1915. 

(602) {1913 c). Ueber lonenaufnahme. Jahrb. f. wiss. Bot. 56 (Pfeffer- 

Festschrift), 689-773. 1915. 

{603) Decoxso dell’ assorbimento di ioni nelle piante. Bull. Orto Bot. 

della R. Univ. Napoli, Q, i-^y. 1918. 

{604) Pantaneeli, E. and Sella, M. Assorbimento elettivo di ioni nelle 
radici. Rend. R. Accad. Lincei, Cl. sci. fis. mat. e nat. Ser. 5, 18 (2 
sem.), 481-488. 1909. 

(605) Pascheles, W. (see also Pauli, W.). Untersuchungen iiber den Quel- 

lungsvorgang. Pfliigers Arch. J. d. ges. Physiol. 67 , 219-239. 1897. 

(606) Pauli, W. Pharmakodynamische Studien. I. Beziehungen der physio- 

logischen Ester- und Salzwirkung. Sitzungsher. Akad. Wiss. in 
Wien, Mat.-nat. Kl. Abt. 3, 118 , 15-40. 1904. 

(607) Peirce, B. O. A Short Table of Integrals. Boston, 1910. 

(608) Perrin, J. Osmose. Parois semi-perm6ables. Rapports pr&senUs au 

Congris Internat. de Physique, Tome 1 , 531-541. Paris, 1900. 

(609) M6canisme de I’dlectrification de contact et solutions colloidales. 

Journ. chitn. phys. 2 , 601-651. 1904: 8,50-110. 1905. 

(6ro) Peeffer, W. Physiologische Untersuchungen. Leipzig, 1873. 

(611) Osmotische Untersuchungen : StudienzurZellmechanik, Leipzig, iS'jq. 

(612) Ueber Anfnahme von Anilinfarben in lebende Zellen. Untersu- 

chungen aus dem bot. Inst, zu Tubingen, 2, 179-332. 1886. 

(613) Zur Kenntnis der Plasmaliaut und der Vacuolen. Abh. Sdchs. Ges. 

Wiss. 16 , 187-343. 1890. 

(614) The Physiology of Plants. English edition. Vol. i. Oxford, 1900. 

(615) The Physiology of Plants. English edition. Vol. ii. Oxford, 1903. 

{616) Philippson, M. L’action physiologique des acides et leur solubilitd dans 

les lipoides. RisumSs IXme Cong. Internat. Physiol. Groningen, 

1913. Cited from Bayliss (1915). 

(617) Phillips, R. Effects of Copper on Vegetation. Ann. of Philosophy, 

N.S. 2 (or 18 from commencement), 77. 1821. 

(618) PocKELS, F. Kapillaritat. In A. Winkelmann, Handbuch der Physik, 

Zweite Aufl. Band I, Allgemeine Physik, 1119-1234. Leipzig. 1908. 

(619) Porter, A. W. The Osmotic Pressure of Compressible Solutions of any 

Degree of Concentration. Proc. Roy. Soc. London, A, 79 , 519-528. 

1907. 

(620) On the Osmotic Pressure of Compressible Solutions of any Degree 

of Concentration. Part II. Cases in which both Solute and Solvent 
are Volatile. Proc. Roy. Soc. London, K, 80, 457—465. 1908. 

(621) PouGET, 1 . and Chouchak, D. Contribution k l’6tude de la nutrition 

azotde des v6g6taux. . 4 SCI. agmw./mwp. ei 24 pp. 1913. 

(622) POYNTING, J. H. and Thomson, J. J. A Text-Book of Physics. Vol. i. 

Properties of Matter. Third edition. London, 1905. ■ 

(623) Price, S. R. Some Studies on the Structure of the Plant Cell by the 

Method of Dark Ground Illumination. Ann. of Bot. 28 , 601-632. 

1914. 


Permeability 273 

(624) Priestley, J. H. The Mechanism of Root Pressure. New Phyt. 19 , 

189-200. 1920. 

(625) — — Suberin and Cutin. New Phyt. I'j-ng. 1921. 

(626) Pringsheim, E. Wasserbewegung und Turgorregulation in welkenden 

Pflanzen. JaAyfc./. iaiss. BoL 48 , 89-144. 1906. 

(627) Procter, H. R. Ueber die einwirkung verdiinnter Sauren und Salz- 

losung auf Gelatine. Kolloidchem. Beihefte, 2, 1911. 

(628) The Equilibrium of Dilute Hydrochloric Acid and Gelatin. Jomn 

Chem. Soc. Trans. 105 , 313-327. 1914. 

(629) PuRiEWiTSCH, K. Physiologische Untersuchungen uber die Entleerung 

der Reservestoffbehalter. Jahrb. f. wiss. Bot. 21, 1898. 

(630) Quincke, G. Ueber Capillaritatserscheinungen an der gemeinschaft- 

lichen Oberflache zweier FlUssigkeiten. Pogg. Ann. Phys. Chem. 
139,1-89. 1870. English Trans. ; On the Capillary Phenomena of 
the Common Surface of Two Liquids. Phil. Mag. 4th Ser. 41 , 
245-266, 370-390, 454-476. 1871. 

(631) Ueber Emulsionsbildung und der Einlluss der Galle bei der 

Verdauung. Pflugers Arch. f. d. ges. Physiol. 19 , 129-144. 1879. 

(632) Ueber periodische Ausbreitung an Fliissigkeitsoberflachen und 

dadurch hervorgerufene Bewegungserscheinungen. Ann. der Phys. 
u. Chem. 85 , 580-642. 1888. 

(633) Ueber freiwillige Bildung von hohlen Blasen, Schaum und Myelin- 

formen durch olsaure Alkalien und verwandte Erscheinungen, 
besonders des Protoplasmas. Ann. d. Phys. u. Chem. N.F. 68 , 
593-632- 1894. 

(634) Ueber unsichtbare Fliissigkeitsschichten und die Oberflachenspan- 

nung fliissiger NiederscWagsmembranen, Zellen, Colloiden und 
Gallerten. Ann. der Phys. 7 , 589-631, 701-744. 1902. 

(635) Raber, O. L. The Synergetic Action of Electrolytes. Proc. Nat. Acad. 

Sci. 8, 682-685. 1917. 

(636) (1920 a). A Quantitative Study of the Effect of Anions on the 

Permeability of Plant Cells. Journ. Gen. Physiol. 2, 535-539. 1920. 

(637) - — — (19206). The Antagonistic Action of Anions, J ourn. Gen, Physiol, 

2, 541-544- 1920. 

(638) Ramsden, W. Die Coagulierung von Eiweisskorpern auf mechanischen 

Wege. Arch. f. Anat, u. Physiol., Physiol. Abth. 517-534. 1894. 

(639) Separation of Solids in the Surface-layers of Solutions and Sus- 

pensions (Observations on Surface-membranes, Bubbles, Emulsions, 
and Mechanical Coagulation). Preliminary Account. Proc. Roy. 
Soc. 72 , 156-164. 1903. 

(640) Rayleigh, Lord. On the Capillary Phenomena of Jets. Proc. Roy. Soc. 

29 , 71-97. 1879. 

(641) Redfern, Gladys M. (1922 a). On the Absorption of Ions by the Roots 

of Living Plants. I, The Absorption of the Ions of Calcium Chloride 
by Pea and Maize. Ann. of Bot. 26, 167-174.. 1922. 

(642) (1922 6). On the Course of Absorption and the Position of Equi- 

librium in the Intake of Dyes by Disks of Plant Tissue. Ann. of BoL 
86, 511-522. 1922. 

(643) Reichard. Hat der Gerbstoff der Samenhaut des Gerstenkornos einen 

Anted an der Halbdurchlassigkeit dieser Membran? Zeitsch. f. Ges. 
Brauwesen, 22. 1909. 

(644) Reid, E. W. Osmotic Pressure of Solutions of Haemoglobin. Journ. 

Physiol. 22, iz~i9. 1905. 

(645) Reinke, J. Studien liber das Protoplasma. II. Protoplasma-Probleme. 

Unters. a. d.hot. Lab. d, Univ. G6Uing6n,'H.Qft 2,77-124. i88r. 

(646) Studien uber das Protoplasma. Zweite Folge. I. Ein Beitrag zur 

physiologischen Cheraie von Aethalmm sqpticum. Unters. a. d. 
hot. Lab. d. Univ. Gottingen, H&it 3, 1-10. 1883. 

Phyt. xxil. 5. 18 


Walter Stiles 


m 

(647) Reinke, J. and Rodewaeb, H. Studien iiber das Protoplasma. I. Die 

chemischen Zusammensetzung des Protoplasma von Aethalium 

s&pticum. UnUrs.a.d.hot.Lah.d.Umv^Gdttingen,'Hj&itz,x-'iS- 

(648) Rippel, A. Semipermeabel Zellmembranen bei Pflanzen. Bar. deut, hot. 

Ges. 36, 202-218. 1918. 

(649) Robertson, T. B. On the Nature of the Superficial Layer in Cells and 

its Relation to their Permeabihty and to the Staining of Tissues by 
Dyes. Journ. Biol. Chem. 1—34. 1908. 

(650) Robinson, W. The Microscopical Features of Mechanical Strains in 

Timber and the Bearing of these on the Structure of the Cell-wall 
in Plants. Phil. Trans. Roy. Soc.B, 1920. 

(651) Rohde, K. Untersuchungen fiber den Einftuss der freien H-Ionen im 

, Innem lebender Zellen auf den Vorgang der vitalen Farbung. 
Pfiugers Arch, f, d. ges. Physiol. I917. 

(652) Rona, P. and Michaelis, L. Ueber die Adsorption des Zuckers. Biochem. 

ZeifecA. 16, 489-498. 1909, 

{653) Rudolfs, W. Effects of salt concentration having definite osmotic 
concentration upon absorption by seeds. Soj/ Fez, 11, 277-293. 1921. 

(654) Ruhland, W. (1908 a). Die Bedeutung der Kolloidalnatur wasseriger 

B'arbstofflosungen ffir ihr Eindringen in lebende Zellen. Ber. deut. 
hot. Ges. 26 a, 772-782. 1908. 

(655) — — (19086). Beitrage zur Kenntnis der Permeabilitat der Plasmahaut, 

Jahrb. f. wiss. Bot. 46, 1-54. 1908. 

(636) {1909 a). Erwiderung. Biochem. Zeitsch. 22, 409-410. 1909. 

(657) (1909 6). Zur Frage der lonenpermeabilitat. Zeitsch. f. Bot. 1, 

747-763. 1909. 

(658) “ — — Untersuchungen fiber den Kohlenhydratstoffwechsel von Beta 

(Zuckerrfibe). Jahrb. f. wiss. Bot. 50, 200-257. 1911. 

(639) ■ — - (1912 a). Studien fiber die Aufnahme von Kolloiden durch die 
pflanzliche Plasmahaut. Jahrb. f. wiss. Bot. 5t. 576-/^51. 1912. 

(660) (1912 b). Die Plasmahaut als TJltrafilter bei der Kolloidaufnahme, 

Ber. deut. bot. Ges. SO, i5g-x4X. 1912. 

(661) — — (1913 a). < Zur Kritik der Lipoid- und der Ultrafiltertheorie der 

Plasmahaut nebst Beobachtungen fiber die Bedeutung der elek- 
trischen Ladung der Kolloide ffir ihre Vitalaufnahme. Biochem. 
Zeitsch. 54, 59-77. 1913. 

(662) (1913 i’). Zur Kenntnis der Rolle des elektrischen Ladungssinnes 

bei der Kolloidaufnahme durch die Plasmahaut. Ber. deut. bot. Ges. 
81, 304-310. 1913- 

(663) (1913 0), Zur chemischen Organisation der Zelle. Biol. Centralbl. 

88. 337-351- 1913. 

(664) Weitere Beitrage zur Kolloidchemie und physikalischen Chemie 

der Zelle, Jahrb. f. wiss. Bot. 5i. 591-4^^7. 1914, 

(665) Review of van Wisselingh (1920). Zeitsch. f. Bot. H, 80-82. 1922, 

(666) Sacerdote, P. Sur les deformations 61astiques des vases minces. Journ. 

dfi PAys., [30 s6r.], 7, 516-520. 1898. 

(667) Sachs, J. Vegetationsversuche mit Ausschluss des Bodens fiber die 

Nalrrstoffe und sonstigen Emfihrungsbedingungen von Mais, Bohnen 
und anderen Pflanzen. Landw. Versuchsstat. 2, 219-268. i860: 
8, 30-44. 1861. 

(668) Text-Book of Botany Morphological and Physiological. English 

edition. Oxford, 1875. 

(669) Salm-Horstmar, Prince de, Recherches sur la nutrition de I’avoine, 

particuliSrement en ce qui conceme les mati6res .inorganiques qui 
sont n6cessaires cette nutrition. Ann. chim. phys. (S6r. 3), 82, 
461-507, 1851. 

(670) — ■ — . Versuche WfZL PesulMe iiber die Nahrung der PJlanze. Braunsch- 

weig, 1856. 


Permeability 275 

(671) Sauvageaxt, C. Sur la membrane de quelques algues florid^es et sur la 
g61atioii del’bydrosol g61osique. Comp. vend. acad. sci. 171, 606-609. 
1930. 

(673) Scheffer, J. R. D. TJntersncbungen iiber die Diffusion wasseriger 
Losungen. Zeitsch, f. physik. Chem. 2, 390-404. 1888. 

(673) Schilling, E. Ueber hyyjertrophische und hyperelastische Gewebewucbe- 

rungen an Sprossacbsen, verursacht durch Paraffine. Jahrb, /. wiss. 
Bot 55, 177-258. 1915. 

(674) Schmidt, G. C. Ueber Adsorption. Zeitsch. f. physik. Chem. 15, 56-64. 

1894. 

(675) Schmidt, W. Versuche iiber Filtrationsgeschwindigkeit verscMedener 

Flussigkeiten durcb thieriscbe Membranen. Pogg. Ann. Phys. Chem. 
99. 337-388. 1856. 

(676) SCHOEP, A. Ueber ein neues Ultrafilter. KoUoid-Zeitsch. 8, So-Sy. 1911. 

(677) ScHROEDER, H. Ueber die selektiv-permeable HiiUe des Weizenkorns, 

Flora, N.F. 2, 186-208. 1911. 

(678) ScHRYVER, S. B. The General Characters of the Proteins. New Impression. 

London, 1913. 

(679) ScHRYVER, S. B. and Haynes, Dorothy. The Pectic Substances of 

Plants. Biochem. Journ. 10 , 539-547. 1916. 

(680) SCHUHMEISTER, J. Untersuchungen fiber die Diffusion der Salzlosungen. 

Sitzungsber. d. kais. Ahad. Wiss. in Wien, Math.-Nat. Cl. Abth. 2, 
79, 603-626. 1879. 

(681) ScHWENDENER, S. and Krabbe, G. Ueber die Beziehungen zwisclien 

dem Maas der Turgordehnung und der Geschwindigkeit der 
Langenzunahme wachsender Organe. Jahrb. /. wiss. Bot. 25, 323- 
369. 1893. 

{682) Sebor, j. Ueber die Diffusionsgescbwindigkeit von Wasser, durch eine 
halbdurchlassige Membran. Zeitsch. f.Elekivochem. 10, 347-353. 1904. 
(683) Seifriz, W. Observations on the Structure of Protoplasm by Aid of 
Microdissection. Biol. Bull. 84, 307-324. 1918. 

{684) Viscosity Values of Protoplasm as determined by Microdissection. 

Bot. Gaz. 70, 360-386, 1920. 

(683) Observations on some Physical Properties of Protoplasm by Aid 

of Microdissection. Ann. of Bot. 85, 269-296. 1921. 

(686) Seitz, W. Ueber den Bestimmung des Diffusionscoefi&cienten uach der 

electrolytischen Methode von H. F. Weber. Ann. der Phys, u. Chem. 

• N.F. 64, 759-777- 1898. 

(687) Senn, G. Der osmotischer Druck einiger Epiphjrten und Parasiten. 

Verh. naturf. Ges. Basel, 24, 179-183. 1913. 

(688) Shull, C. A. Semipermeability of Seed Coats. Bot. Gaz. 58,169-199. 1913 

(689) Temperature and Rate of Moisture Intake in Seeds. Bot. Gaz. 69, 

361-390. 1920. 

(690) SiEBECK, R. Ueber die osmotische Eigenschafteu der Nieren. Pfliigers 

ArcA. /. d. ges. 148, 443-521. 1912. 

(691) Smolukowski, M. von. Zur kinetischen Theorie der Brownschen Mole- 

kularbewegung und der Suspensionen. Ann. der Phys. [4] 21, 
756-780 1906. 

(692) Spaeth, R. A. The Vital Equilibrium. Science, N.S. 48, 502-509. 1916. 

. (693) Spens, W. The Relation between the Osmotic Pressure and the Vapour 

Pressure in a Concentrated Solution. Proc. Roy. Soc. London, A, 
77,234-240. igo6. 

(694) Spoehr, H. a. Theories of Photosynthesis in the Light of some new 

Fd.cts. The Plant World, i9, 1-16, 1916. 

(695) Stance, B. Beziehungen zwischen Substratconcentration, Turgor und 

Wachsthum bei einigen phanerogamen Pflanzen, Bot. Zeit. 50, 
253-259> 273-279, 292-301, 305r-3i2, 329-333, 342-350, 363-367/ 
373-379. 394-400. 409-413. 429-432. 446-450. 1892. 


18 — 2 


276 Walter Stiles 

(696) Starling, E. H. On the Absorption of Fluids from the Connective 

Tissue Spaces. Journ- Physiol. 19 , 312-326. 1896. 

(697) — — The Glomerular Functions of the Kidney. Journ. Physiol. 24 , 

3 I 7 -- 330 - 1899. 

(698) Stefan, J. TJeber die Diffusion der Fliissigkeiten. II. Berechnung der 

Graham’schen Versuche. Sitzungsber. kais. A had. Wiss. in Wien, 
CZ. Abth. 2, 79 , 161-214. 1879. 

(699) Stewart, G. N. Elektrische Leitfahigkeit thierische Fliissigkeiten. 

Zentralbl. Physiol. 11, 332 - 335 - 1897. 

(700) Stiles, W. The Penetration of Electrolytes into Gels. I. The Penetra- 

tion of Sodium Chloride into Gels of Agar-agar containing Silver 
Nitrate. Biochem. Journ. 14 , 58-72. 1920. 

(701) The Penetration of Electrolytes into Gels. IV. The Diffusion of 

Sulphates in Gels. Biochem. Journ. 15 , 629-635. 1921. 

(702) The Suction Pressure of the Plant Cell. A Note on Nomenclature. 

PwcAem. /owm. 16 , 727-728. 1922. 

(703) Stiles, W. and Adair, G. S. The Penetration of Electrolytes into Gels. 

III. The Influence of the Concentration of the Gel on the Coefficient 
of Diffusion of Sodium Chloride. Biochem. Journ. 15 , 620-628, 1921. 

(704) Stiles, W. and Jorgensen, I. (1914 a). The Measurement of Electrical 

Conductivity . as a Method of Investigation in Plant Physiology. 
New Phyt. 13 , 226-242. 1914. 

(705) {1914 &)• The Antagonism between Ions in the Absorption 

of Salts by Plants. New Phyt. 18 , 253-268. 1914. 

(706) (1915 fl). Studies in Permeability. I. The Exosmosis of 

Electrolytes as a Criterion of Antagonistic Ion-Action. Ann, of Bot. 
29 , 349-367. 19x5. 

(707) (X915 b). Studies in Permeability. II. The Effect of Tem- 

perature on the Permeability of Plant Cells to the Hydrogen Ion, 
Ann. of Bot. 29 , 611-618. 1915. 

(708) (1917 a). Studies in Permeability. IV. The Action of Various 

Organic Substances on the Permeability of the Plant Cell, and its 
Bearing on Czapek's Theory of the Plasma Membrane. Ann. of Bot. 
81 , 47-76. 1917. 

(709) (1917 b). Studies in Permeability. V. The Swelling of Plant 

Tissue in Water and its Relation to Temperature and Various 
Dissolved Substances. 2I wm. o/BoL 81 , 415-434. 1917. 

(710) Quantitative Measurement of Permeability. Bot. Gaz. 65 , 

526-534. 1918. 

(711) On the Relationship of Plasmolysis to the Shrinkage of Plant 

Tissue in Salt Solutions. New Phyt. 18 , 40-49. 1919. 

(712) Stiles, W. and Kidd, F. (igiga). The influence of External Concen- 

tration on the Position of the Equilibrium attained in the Intake 
, of Salts by Plant Cells. Proc. i?oy. Soc. Lowiiow, B, 90 , 448-470. 1919. 

(713) — — (19196). The Comparative Rate of Absorption of Various 

Salts by Plant Tissue. Proc. Roy. Soc. London, B, 90 , 487-304. 

■ 1919. ■■ . ■ ■ ■ 

(714) Stoklasa, J. De Timportance physiologique du manganese et d'alu- 

minium dans la cellule v6g6tale. Comp. rend. acad. sci. 152 , 1340- 
. ".1342. 1911.' 

(715) Stoklasa, J.,uuter Mitwirkung vouSebor, J., Tymich, F. andCwACHA, J. 

Ueber die Resorption des Aluminium-Ions durch das Wurzelsystem 
der Pflanzen. Biochem. Zeitsch. 128 , 35-47. 1922. 

(716) Strasburgbr, E. Ueber Plasmaverbindungen pflanzlichen Zellen. 

Jahrh.f, wiss. Bot. 86, 493-610. 1901. 

(717) Strasburger, E., Noll, F._, Schenk, H. and Schimper, A. F. W. A 

Te^i-BooA 0/ Boteny . First English edition. London, 1898; Second 
English edition. London, 1903, 


PermeaUlity 277 

(718) Sutherland, W. Tlie Causes of Osmotic Pressure and of the Simplicity 

of the Laws of Dilute Solutions, Phil. Mag. [Ser. 5] 44 , 493-498. 
1897. 

(719) A Dynamical Theory of Diffusion for Non-Electrolytes and the 

Molecular Mass of Albumin. Phil. Mag. [Ser. 6] 9 , 781-785. 1905. 
{720) SuTHERST, W. F. The Freezing-Point of Vegetable Saps and Juices. 
Chem. News, 84 , 234. 1901. 

(721) SvEDBERG, T. Diffusionsgeschwindigkeit und Teilchengrosse disperser 

Systeme. Zeitsch. f. physik. Chem. 6T, 105-iix. 1909. 

(722) SvEDBERG, T. and Andreen-Svedberg, Andrea. Diffusionsgesch- 

windigkeit und relative Grosse geloster Molekiile. Zeitsch. f. physik. 
Chem. 76 , 145-155. 1911. 

(723) Szucs, J. Studien uber Protoplasmapermeabilitat. Ueber die Aufnahme 

der Anilinfarben durch die lebende Zelle und ihre Hemmung durch 
Elektrolyte. Sitzungsber. kais. Akad. IFzss. in Wien, Mat.-nat. Kl. 
119 , Abt. I, 737-773. 1910. 

(724) A nov&nyi sejiek elektrolyt felvdtele 6s az adsorptio. (Reprint, 26 pp.) 

Budapest, 1911. 

(725) Experimentelle Beitrage zu einer Theorie der antagonischen 

lonenwirkung. I. Mitteilung. Jahrb.f. wiss. Bot. 52, 85-142. 1912. 

(726) Ueber einige charakteristische Wirkungen des Aluminiumions auf 

das Protoplasma. Jahrb. f. wiss. Bot. 52 , 269-332. 1913. 

(727) TAMMiiNN, G. Ueber die Permeabilitat von Niederschlagsmembranen. 

Zeitsch. f. physik. Chem. 10, 255-264. 1892. 

{728) Taylor, W. W. The Chemistry of Colloids and some Technical Applica- 
tions. London, 1915. 

(729) Thoday, D. (1918 a). Some Observations on the Behaviour of Tur- 

gescent Tissue in Solutions of Cane Sugar and of Certain Toxic 
Substances. New Phyt. 17 , 57-68. 1918. 

(730) (1918 h). On Turgescence and the Absorption of Water by the 

Cells of Plants. New Phyt. 17 , 108-113, 1918. 

(731) The Osmotic Hypothesis: a Rejoinder. New Phyt. 18 , 257-259. 

1919. 

(732) Thomson, J. J. Applications of Dynamics to Physics and Chemistry. 

London, 1888. 

(733) Thovert, j. Sur une application nouvelle d’observations optiques a 

r6tude de la diffusion. Comp. rend. acad. sci. 188 , 1197-1199. 1901 ; 
184 , 594-596. 1902. _ 

(734) Timmermans, J. Die kritische Losungstemperatur von ternaren Gemen- 

gen. Zeitsch. f. physik. Chem. 58 , X2g-2X5. 1907. 

(735) Tjebbes, K. Keimproeven met suikerbietenzaad. Diss. Amsterdam, 

1912, 

(736) Tollens, B. KurzesHandbuch der Kohlenhydraie, 1914. 

(737) Traube, j. (1904 a). Ueber den Oberflachendruck und seine Bedeutung 

im Organisnius. Pfiugers Arch. f. d. ges. Physiol. 105 , 541-558. 
1904. 

(738) (1904 &)• Theorie der Osmose und Narkose. Pfiugers Arch. f. d. 

ges. Physiol. 155 , 559-5J2. 1904, 

(739) (1904 c). A Contribution to the Theories on Osmosis, Solubility 

and Narcosis. PAiL Mag. [Ser. 6] 8, 704-715. 1904. 

(740) Die osmotische Kraft. Pfiugers Arch. f. d. ges. Physiol. 123 , 419- 

432. 1908. 

(741) (1910 a). Die Theorie des Haftdruckes (Oberflachendruckes) und 

die Resorptionsvorgange besondeiB im Magendarmkanal. Biochem. 
Zeitsch. 24 , 323-340. igio. 

(742) (19106). Theorie des Haftdrucfcs (Oberflachendrucks) und ihre 

Bedeutung fiir die Physiologie. Pfliigers Arch. f. d. ges. Physiol. 182 , 
511-538, 1910. 

departmfnt of botany, 


278 Walter Stiles 

(743) Traxjbe.J. DieTheorie desHaftdrucfcs (Oberflacliendrucks). Y.PflUgers 

Aych. f. d. ges. Physiol. liQ, xog-X3^. ign- 

(744) — (1913 a) Theorie der Naxkose. Pfliigers Arch, f. d, ges. Physiol. 

15 S, 276-308, 1913. 

{745) — ~ (1913 ^)- Theorie des Haftdrucks und Lipoidtheorie. Biochem. 

Zeitsch. 64 , 306-315. 1913. 

(746) (1913 c)- Ueber Narkose. Bemerkpngen zu dem Arbeiten der 

Herrea Vernon und Winterstein. Biochem. Zeitsch. 54 , 316-322. 
1913. 

(747) Die physikaliscbe Theorie der Arzenmittel- und Giftwirkung. 

Biochem. Zeitsch. x'j^-igt. 1919. 

(748) Traube, J. and Kohler, F. Ueber Farbstoffe, Internat. Zeitsch. f. 

physikcd.-chem. Biol. 2 , 197-226. 1915. 

(749) Traube, M. Experimente zur Theorie der Zellbildung und Endosmose, 

Arch. Anat. Physiol, u, miss. Med. 87-128, 129-165. 1867. 

(750) Traube-Mengarini, Margherita and Scala, A. Ueber die chemische 

Durchlassigkeit lebender Algen- und Protozoenzellen fiir anor- 
ganische Salze und die spezifische Wirkung letzterer. Biochem. 
Zeitsch. 17 , 443-490. 1909. 

(751) TrSndle, a. Permeabilitatsanderung und osmotischer Druck in den 

assimilierenden Zellen des Laubblattes. Ber. deut. hot. Ges. 27 , 
71-78. 1909. 

(^22) Der Einfluss des Lichtes auf die Permeabilitat der Plasmahant. 

Jahrb, f. wiss. Bot. 48 , 171-282, 1910. 

(753) Ueber die diosmotischen Eigenschaften der Pflanzenzelle. Viertel- 

jahrsschr. d. Naturf.-Ges. in Zurich, 61 , 465-473, 1916. 

(754) — (1918 a). Sur la perm 6 abilit 6 du protoplasme vivant pour quelques 

sels. Arch, sci.phys. etnat. (4me P6r.) 45 , 38-54, 117-132. 1918. 

{755} (19186). Der , Einfluss des Lichtes auf die Permeabilitat der 

Plasmahaut und die Methode der Permeabilitats-Koef&zienten. 
Vierieljahrsschr. d. Naturf.-Ges. in Zurich, 63 , 187-213. 1918. 

Neue Untersuchungen fiber die Aufnahme von Stofien in die Zelle. 

Biochem. Zeitsch. 112 , 259-285. 1920. 

(757) Ueber den Einfluss von Verwundungen auf die Permeabilitat nebst 

ergfinzenden Beobachtungen fiber die Wirkung der Sauerstoffent- 
zugs. 2'. ioh Abt. 2, 38 , 353-388. 1921. 

(758) True, R. H. The Physiological Action of Certain Plasmolysing Agents. 

Bot. Gaz. 26 , 407-416, 1898. 

(759) True, R. H. and Bartlett, H. H. Absorption and Excretion of Salts 

by Roots, as Influenced by Concentration and Composition of 
Culture Solutions. I. Concentration Relations of Dilute Solutions 
of Calcium and Magnesium Nitrates to Pea Roots. U.S. Dept, of 
Agric., Bureau of Plant Ind., Bull. z^x. 1912. ' 

(760) True, R. H. and Gies, W, J. On the Physiological Action of some of 

the Heavy Metals in Mixed Solutions. Bull. Torrey Bot. Club, 30 , 
390-402. 1903, 

(761) Tutin, F, The Behaviour of Pectin towards Alkalis and Pectase. 

BiocisteM. 15 , 494-497. 1921. 

(762) Ursprung, A, and Blum, G, (1916 «). Ueber die Verteilung des osmo- 

tischen Wertes in der Pflanze. Ber. deut. bot. Ges. 34 , 88-104. t:gx6. 

(^§2) (19166). Ueber die periodischen Schwankungen des osmo- 

tisohen Wertes, Ber. deut. bot. Ges. 34 , 105-123. 1916. 

(764) {1916 c). Ueber den Einfluss der Aussenbedingungen auf den 

osmotischeh Wert, Ber. deut. hot. Ges. 34 , 123-142, 1916. 

(765) (191^6 d). Zur Methode der Saugkraftmessung. Ber. deut. hot. 

Ges. 34 , 525 *- 539 - 

(766) (1916 a). Zur Kenntms der Saugkraft. Ber. deut. bot. Ges. 

34 , 539 - 554 * I 9 l 6 . ■ 


Permeability 279 

(767) (1918 a). Zur Kenntnis der Saugkraft. 11. Ber. deut. bot. 

Ges. 36, 577-599- X9i8. 

(768) - — -■ (1918 &). Besprecliungunserer bislierigenSaugkraftmessuu- 

gen. Ber. deut. bot. Ges. 5919-618. igi8. , 

{769) — Zur Kenntnis der Saugkraft. Ill, 4. Hedera Helix. Ab- 

geschnittenes Blatt. Ber. deut. bot. Ges. 87, 453-462. 1919. 

(770) Diirfen wir die Ausdriicke osmotischer Wert, osmotischer 

Druck, Turgordruck, Saugkraft synonym gebraucben? Biol. 
Zentralhl. 40, 193-216. 1920. 

(771) Zur Kenntnis der Saugkraft. IV. Die Absorptionszone der 

Wurzel. Der Endodermissprung. Ber. deut.bot. Ges. 8%, ^0-^9. 1921. 
{772) Van Bemmelen, J. M. Die Absorption. Gesammelte Abhandlungen uher 
Kolloide und Absorption. Dresden, 1910, 

(773) Van’t Hoff, J. H. Die Rolle des osmotiscben Druckes in der Analogic 

zwischen Losungen und Gasen. Zeitsch. f. physik. Chem. X, .^^81-508. 
1887. 

(774) Van Rysselberghe, F. Influence de la temperature sur la permeabilite 

du protoplasme vivant pour I’eau et les substances dissoutes. Rec. 
de 1 ‘Inst. Bot. de Bruxelles, 5, 209-249. 1901. 

(775) Van Wisselingh, C. (1886 a). La gaine du cylindre central dans la 

racine des phan6rogames. Arch. Nierlandaises des Sci. exactes et 
nat. 20, 95-116. 1886. 

{776) (18866). Sur I'endoderme. Arch. Nierlandaises des Sci. exactes et 

nat. 20, 427-448. 1886. 

(777) Sur la paroi des cellules sub4reuses. Arch. N6erlandaises des Sci. 

exactes et nat. 2% 255-298. 1888. 

(778) Sur la lamelle subereuse et la suberine. Arch. N ierlandaises des 

Sci. exactes et nat. 26, 305-353. 1893. 

(779) Untersucbungen iiber Osmose. Flora, N.F. 18, 359-420. 1920, 

(780) Vernon, H. M. Die Rolle der Oberflachenspannung und der Lipoide 

ftir die lebenden Zellen. Biochem. Zeitsch. 51, 1-23. 1913. 

(781) Verworn, M. Bie Biogenhypothese. Fine kritisch-^experimentelle Studie 

iiber die Vorgdnge in der lebendigen Substam. Jena, 1903. 

(782) Vesque, j. De I’influence de la temperature du sol sur I’absorption de 

I’eau par les racines. Ann. sci, nat., Bot. [Ser. 6] 6, 169-209. 1877. 

(783) ViERORDT, K, Beschreibung eines verbesserten Endosmometers. Fogg. 

Ann. der Phys. u. Chem. [3 Reihe] 78, 519-531. 1848. 

(784) Voigtlander, F. Ueber die Diffusion in Agargallerte. Zeitsch. f.physik. 

Chem. 3, 316-335. 1889. 

(785) VoNwiLLER, P. Ueber den Bau des Plasmas der niedersten Ti ere. Arch. 

f. Protistenk. 38, 279-323. 1918. 

(786) Waage, T. Ueber das Vorkommen und die Rolle des Phloroglucins in 

der Pflanze. Ber. deut. bot. Ges. 8, 250-292. 1890. 

(787) Wachter, W. Untersucbungen iiber den Austritt von Zucker aus den 

Zellen der Speicberorgane von Allium Cepa und Beta vulgaris. 
Jahrb. f. wiss. Bot. ii, 165-220. 1905. 

(788) Waixz, K. Diffusion. In A. Winkelmann, Handbuch der Physih, 

Zweite Aufl. Band I, Allgemeine Pbysik, pp. 1415-1506. Leipzig, 
1908. 

(789) Walden, P. Ueber Diffusionserscbeinungen an Niederschlagsmembranen. 

Zeitsch. f. physik. Chem. id, 699-'J52. 1892. 

(790) Walker, J. Ueber eine Methode zur Bestimmung der Dampfspanuung 

bei niederen Temperaturen. Zeitsch. f. physik. Chem. 2, 602-605, 
■ 'iSSS. " 

(791) Walrole, G. S. Notes on Collodion Membranes for Ultrafiltration and 

Pressure Dialysis, 9, 284-297. 1915. 

(792) Warburg, O. Oxydationen in lebenden Zellen nacb Versucben am 

S&Qigoloi. Zeitsch. f. physiol, Chem. 88, 505-5/^0. 1910. 


28o Walter Stiles 

(793) Weber, H. and Riemann, B. Die partiellen Diffeyential-gleichungen der 

mathematischen Physik. Braunschweig, 1910-1912. 

(794) Weber, H. F. Untersuchungen iiber das Elementargesetz der Hydro- 

diffusion. Wiedermanns Ann. der Phys. 1 , 46g~4S'j, 5^6-552. 
1879. 

(795) Weevers, T. Betrachtungen und Untersuchungen iiber die Nekrobiose 

und die letale Chloroformeinwirkung, Rec. Trav. Bot. NSevlmdais, 
9 , 236-280. 1912. 

(796) - — Die letale Einwirkungen einiger organischen Giftstoffe auf 

die Pflanzenzelle. Rec. Trav. bot. Neerlandais, 11, 3X2-$4i. 1914. 

(797) WiEDERBURG, O. Zur Diffusionstheorie. Zeitsch. f. physik. Chem. 30 , 

586-592. 1899. 

(798) WiELER, A. Plasmol3rtische Versuche mit unverletzten phanerogamen 

Pflanzen. Ber. deui. hot. Ges. 5 , 375-380. 1887. 

(799) Das Bluten der Pflanzen. Cohns Beitrage z. Biol. d. Pflanzen, 6, 

1-211. 1893. 

(800) Williams, Maud (1918 a). Absorption of Gold from Colloidal Solutions 

by Fungi. Ann. of Bot. 32 . 531-534. 1918. 

(801) (1918 b). The Influence of Immersion in Certain Electrolytic 

Solutions upon Permeability of Plant Cells. Ann. of Bot. 32 , 
591-599, 1918. 

(802) WillstAtter, R. and Stoll, A. Untersuchungen uber Chlorophyll. 

Berlin, 1913. 

(803) Wilson, E. B. On Protoplasmic Structure in the Eggs of Echinoderms 

and some other Animals. Journ. Morph. 15 , Supplement, 1-28. 
1899. 

(804) WiNDAUS, A. and Stein, G, (1904 a). Ueber Cholesterin. III. Ber. deui. 

chem. Ges. 87 , 3699-3708. 1904. 

(805) — (1904 ft). Ueber Cholesterin. IV. Ber. deut. chem. Ges. 37 , 

4753-4756. 1904. 

(806) Winkelmann, a. Handbuch der Physik. Zweite Aufl. Band I, Allgemeine 

Physik. Leipzig, 1908. 

(807) Winkler, A. Ueber den Einfluss der Aussenbedingungen auf die Kalte- 

resistenz ausdauemder Gewachse, Jahrb. f. wiss. Bot. 52 , 467-506. 

1913* 

(808) WODEHOUSE, R. P. Direct Determinations of Permeability. Journ. 

Biol. Chem. 29 , 453-458. 1917. 

{809) WoLEE, E. Entwurf zur Bodenanalyse. Landvo. Versuchs-Stat. 6, 141- 
171. 1864. 

(810) Mittheilungen von der landw. Versuchs-Station der Kgl. Akademie 

Hohenheim. I, Bericht fiber die 1866 und 1867 ausgeffihrten 
Vegetations-versuche in wasserigen Losungen der Nahrstoffe. 
Landw. Versuchs-Stat. 10, 249-379. 1868, 

(811) Aschenanalysen von landwirthschaftlichen Produkten. Berlin, Bd, 

I, 1871; Bd. 2, 1880. 

(812) Woodward, J. Some Thoughts and Experiments concerning Vegeta- 

tion. PM. Roy. Sue. 21, 193-227. 1699. (Abridged 

edition, 4,382-398. 1809.) 

(813) Worley, R. P. The Surface Tension of Mixtures. Part I, Mixtures of 

Partly Miscible Liquids and the Influence of Solubility. Journ. 
Chem. Soc., Trans. 105 , 26o~2'8z. 1904. 

(814) Zangger, H. (1908 a). Die Immunitats-Reaktionen als physikalisches 

spez, als CoUoid-Phanomen. Vierteljahrsschr. d. Naiurf.-Ges. in Zurich , 
63 , 408-455. 1908. 

(815) (igo86). Ueber Membranen und Membranenfunktionen. Ergebn. 

Physiol. 7 , 99-160. 1908. 

(816) Zsigmondy, R, The Chemistry of Colloids. New York and London, 1917. 

(817) Kolloidchemie: ein Lehrbuoh. Dritte Aufl. Leipaag, 1920. 


[ 28 i ] 


THE SUPPOSED REVERSAL OF GEOTROPIC 
RESPONSE 

By F. C. NEWCOMBE 

B etween two and three years ago there appeared a series of four 
papers in the New Phytologist by Small (4), Small and Rea (6), 
Small and Lynn (5), and Lynn (3) in which the authors offered experi- 
mental evidence for the reversal of geotropic response in the stems 
and roots of seedlings of a number of species of plants. The whole 
work was undertaken for the purpose of securing evidence for Small’s 
so-called hydrion differentiation theory of geotropism. With the 
theory itself the present paper has no concern. The hydrion theory 
has been criticised by Blackman (i) and by Snow (7). The experi- 
mental data, however, are of such a character as to need consideration 
in themselves. Lack of time prevented the present writer from an 
attempt at verification of the results of Small and his followers till 
a year ago. 

Small, for the support of his hydrion theory, starts with the 
assumption that the protoplasm of stems active in initiating the 
changes in a geotropic response is alkaline in reaction, while the 
corresponding protoplasm of roots is acid. This is a foundation stone 
in the structure of the hydrion theory, and is used to account for the 
difference in behaviour of stem and root to gravitation. 

If now, by any means, the acid and alkaline reaction of the 
protoplasm in root and stem respectively could be reversed, the 
direction of geotropic response should reverse also. So reasons Small. 
To change the reaction of the protoplasm of the root from acid to 
alkaline. Small, after trying other methods, selected the following: 
A piece of flat cork was partially immersed in dilute ammonium 
hydrate for a few days, then allowed to stand for a month under a 
belljar with several changes of air. At the end of this period, the air 
under the belljar would stiU turn red litmus blue, but was not strong 
enough to kill the seedlings of Vida f aha and Zea mats pinned to the 
cork. Many roots turned up; none grew downward. Controls were 
used under other beUjars which behaved in the usual way. To 
accompany the text, a plate and several text-figures are shown. 
Passing over the objectionable method of pinning the seedlings 
through the cotyledons or endosperm, it is to be regretted that one 
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must say that neither the figures in the plate nor those in the text 
can he accepted as lending evidence for the reversal of response. 
All five figures in the text, except number 4, show the roots shrivelled 
and distorted to such a degree that one used to the behaviour of roots 
must regard the figures as worthless for demonstration. Root 
number 4 in the plate is a fairly normally appearing root of Zea mais, 
hut, unfortunately for the assumption of the reversal of geotropism, 
it is growing almost vertically downward. 

In the three text-figures of Vida faha roots, one root is so dis- 
torted as to exclude it from consideration. The placing of the other 
two figures, with the absence of any textual explanation of their 
peculiar form and appearance, prevents the reader from using them 
as an aid in forming his judgment. The three main roots of Vida faha, 
just referred to, have growing from them 14 secondary roots from 
I to 25 mm. in length. Of these, only three can be counted as showing 
upward .curvatures. The author speaks of fungi growing on his 
seedlings after two or three weeks. One must wonder why cultures 
of seedlings in damp chambers should be continued for so long a 
time; since the time of Sachs it has been published again and again, 
and it is the common experience of experimenters, that the roots of 
seedlings growing in damp chambers become distorted or unhealthy 
or die in less than two or three weeks. 

In another series of experiments. Small grew seedlings in acetic 
acid vapour in damp chambers to see whether the stem would not 
show positive geotropism. He found that seedlings of Zea mais 
would grow fairly well over i per cent, of acetic acid. Of the 17 
maize coleoptiles shown in the illustration, 13 bend downward 15 
to 90®, The author states that the coleoptiles were about 25 mm, 
long when the seedlings were placed in the acid vapour. As in the 
illustrations the coleoptiles are shown with about 25 mm. length, 
it must be that the downward curves were made within a few hours 
of the introduction of the seedlings into the damp chamber, unless 
growth was very much retarded. Here again the reader must wish 
that the author had given greater detail in the text. With some 
reservation because of the lack of detail, it may be said that the 
figures of the coleoptiles shown support Small's claim of reversal of 
response. 

The series of experiments by Small and Rea was carried out with 
the notion of causing the stems of seedlings to change from their 
assumed alkaline reaction to acid by smearing the shoots with 
vasehne, thus preventing the escape of the carbon dioxide of respira- 
tion. The authors state that the seedlings, aiter being smeared with 
vaseline, ‘'must be placed Vertically in the dark for two to seven days 
to allow the carbon dioxide .to accumulate if downward curvature 
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[of the shoot] is to be demonstrated " ; also that “ no upward curvature 
or positive downward curvature in the dark has been observed in 
unvaselined specimens of maize, Stellaria media or sycamore seed- 
hngs.” The authors also state that unvaselined shoots in a number 
of cases have shown downward curvature in the dark; and again, 
"The treatment with vaseline and darkness also inhibits the growth 
of the stem." The foregoing statements and quotations from the 
authors are extraordinary. If their use of vaseline inhibited the 
growth of the shoots, how then could the shoots later show geotropic 
curves? To say that the unvaselined shoots of maize and other 
speeies in the dark showed no upward curvature is to condemn their 
own methods; for the testimony of fifty years is against them. Maize 
is one of the most common of plants whose seedlings are used for 
laboratory experiment and class demonstration; and, in practice, 
for the demonstration of geotropic curves, the seedlings are grown 
in the dark. Everyone who has worked with plant tropisms knows 
that the shoots of maize and other seedlings turn upward in the dark 
within an hour or two in usual temperatures. 

The last series of experiments was made by Miss Lynn in the 
attempt to bring reversal of geotropic response in seedling stems by 
the use of carbon dioxide in closed chambers. After some trials, 
the author selected Helianthus annuus for the tests. She found that 
a proportion of carbon dioxide of 10 per cent, or over would give 
reversed curves; of 9 to 10 per cent, would give some positive, some 
negative; while a percentage of less than 9 would give only negative 
curves in the shoot. A plate of figures accompanies the text. The 
figures show that the author’s downward bends were not geotropic, 
but were caused by the sagging of elongated, weak, and etiolated 
shoots. The most of the sagging shoots in the figures show an upward 
bend just below the cotyledons, and this is the true geotropic curve — 
a normal, negatively geotropic curve, A table also accompanies the 
text, and this shows a higher percentage of carbon dioxide for the 
so-called reversals in March than in February — a result that may 
very well be correlated with the relative sun illumination in the two 
months, if the so-called downward curves were only the sagging of 
weak stems. 

Recently Coupin(2) has published the statement that he found the 
seedling shoot of the lentil taking the horizontal position when 
growing in the dark room. Coupin says that the shoot continued in 
its horizontal position tdl it died. There have been reports by earlier 
writers of similar behaviour by other leguminous seedlings; but all 
these unusual behaviours have been found to be due to the presence 
of illuminating or other poisonous gas? Coupin, makes no mention 
of precautions against such disturbing influences. If the shoot of 
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the lentil, or any other seedling, grew always horizontally in the dark, 
how could one ever raise a crop frorn planted seed? The buried shoot 
would never rise out of the ground. 

Renewed Attempts at Reversal of Geotropic Response 

In the autumn of 1922 the writer planned a series oh experiments 
designed to re-examine the question of reversal of geotropic response. 
The most of the experiments were carried through by Miss Anna 
Haire, a skilful graduate student in the University of Michigan. A 
detailed narrative of her work will be published in Scientific Papers 
of the University of Michigan, S, to appear early in the year 1924. 
In the present paper only a summary of her work and that of the 
present writer, so far as it relates to the subject in hand, will be 
included. All preparations were kept in temperatures from 21 to 
25° C. 

Series I. With vapour of acetic acid. In this series an acid atmo- 
sphere was given to the shoots of seedlings. The preparations were 
made in two ways: (1) Seedlings of Pisum sativum L. and Zea 
mais L. (yellow dent) were grown in sphagnum moss tiU the shoots 
were from i to 5 cm. long. The seedlings were then secured to 
wooden bars by means of blotting paper and rubber bands. The 
bars with six to twelve seedlings each were then suspended in damp 
chambers made by Hning four-sided glass museum jars with wet 
absorbent paper. The bars extended across the damp chambers and 
were wedged securely in place by pieces of rubber tubing. Thirty- 
three seedlings of Pisum and over 200 seedlings of Zea were used. 
Into each damp chamber, after the seedlings had been inserted, were 
poured 10 c.cm. of i per cent, glacial acetic acid, into others the same 
amount of 5 per cent, into others the same amount of 10 per cent., 
and into others the same amount of 20 per cent. acid. The jars stood 
in the dark room with seedlings erect for 5 to 24 hours after receiving 
the acid. This was done to give the acid time to penetrate more or 
less into the cells of the seedling shoots. The jars with i per cent, 
and those with 5 per cent, acid received in addition 2 c.cm. of the 
same strength of acid every 12 hours during the period of the ex- 
periment. After standing thus for 5 to 24 hours, the jars were turned 
on their side, thus bringing the axis of the seedlings into the horizontal 
position. (2) The other method of preparation was to grow the 
seedlings in the dark room in earth in crystallising dishes 6 cm. in 
diameter. When the shoots were I to 5 cm. above ground, the 
crystallising dishes with seedlings undisturbed were wedged into 
four-sided jars, these jars used as culture chambers, and subsequently 
treated in every way as the jars in the first set, that is, acid was 
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poured in of the same strengths, the seedlings kept erect for 5 to 24 
hours, and the jars then turned over so as to bring the seedlings 
into the horizontal position. Of course, it was not necessary to turn 
the seedlings horizontally for the test; for, if the response were 
reversed by the acid, the stems would turn from the erect position 
themselves. 

The experiments ran from 24 hours to five days. There was not 
one reversal of geotropic response. In the chambers with vapour 
from I per cent, and those with vapour from 5 per cent, acid, the 
upward curvature of shoots was normal for three days in the seedHngs 
suspended in air and those growing in earth. In the experiments 
continued for more than three days in the weaker vapours, the shoots 
became long and sagged, but the resulting bends were near the bases 
of the shoots in Pisum and not near the tip as they would have been 
if geotropic. Many roots lived for two to three days in the vapours 
from concentrations below 10 per cent., but were killed in one day 
in the vapour from the 10 and 20 per cent. acid. In the two stronger 
vapours, both roots and shoots were killed; but most shoots lived 
long enough to make an upward curvature of 20 to 90°. 

Series II. Shoots vaselined. The work of Small and Rea in 
smearing the stems of seedlings with vaseline to cause thereby the 
carbon dioxide to accumulate within, and thereby the stems to 
become acid was repeated except that in the present case other 
species were used except for Zea mats. However, one may safely 
assume that the behaviour of most plants will be the same with the 
vaseline treatment. Eighty seedlings of Zea mais were used, 37 of 
Avena sativa L., 56 of Lupinus albus L., 32 of Pisum sativum, 14 of 
Vida faba L., 15 of Cucurbita maxima Duchesne, and 100 oi Reli-> 
anthus annuus L. 

Smearing the shoots with vaseline or olive oil is very injurious 
to the plant, as recognised by Small and Rea, who say that the' growth 
of their plants was thereby inhibited. It is singular that these authors 
should also say that it was necessary to allow their plants to stand 
vertically in the dark from two to seven days, after applying the 
vaseline, before the plants were turned horizontally. In the work 
of Miss Haire and myself, it was found that the plant shoots very 
soon became translucent, after applying the vaseline, except in the 
cases of Avena and Zea. These shoots, being protected by their 
wrappings of leaves, were not penetrated so quickly by the oil, and 
generally made negatively geotropic curves, provided they were 
turned horizontally within 36 hours of the application of the vaseline. 
The shoots of the other species, if they were very young — i to 3 cm. 
long — showed initial upward curves, but their growth and movement 
soon ceased If the shoots were longer — 8 to 10 cm, — ^before applying 
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the vaseline, growth ceased without any curving; and the shoots, 
after a day or two, sagged of their own weight. There was never in 
any of the plants a curve that could be called geotropic. 

Series III. In carbon dioxide atmosphere. The seedlings used in 
this series were aU grown in small crystallising dishes in earth, and 
the dishes with their seedlings were placed in the experimental 
chambers when the shoots had grown from i to 5 cm. above ground. 
All preparations were kept in the dark. The culture chambers were 
belljars of 10 litres capacity with tubulature at the top. The jars 
stood in large basins holding water, the crystallising dishes on 
supports above the water. The belljars were graduated, and a 
graduated scale was fastened to the side. An aspirator connected 
with the culture chambers enabled one to fill the chambers with 
water to any desired height. The carbon dioxide was let into the 
chambers from a reservoir or directly from a generator after washing 
the gas. The water used in the culture chambers was drawn from a 
small closed tank which contained carbon dioxide in the same con- 
centration as that to be used in the culture chambers. Thus there 
could be but small exchange of gases between the water and the gas 
in the culture chambers. To control the percentage of carbon dioxide 
rather closely, a small quantity of gas was drawn from the culture 
chamber both just before and just after an experiment, and the 
amount of carbon dioxide determined by titration. Usually there 
was an increase of 2 to 4 per cent, in the concentration of the carbon 
dioxide during the progress of an experiment, due to the respiration 
of the seedlings. Concentrations of carbon dioxide from 4 to 75 
per cent, were used, the most of the seedlings having 10 to 20 per 
cent. 

One hundred and twenty-five seedlings of Helianthus annuus were 
used, and, besides these, 16 of Lupinus albus, 13 of Pisum sativum, 
and enough of Phaseolus vulgaris L., Cucurhita maxima, Brassica 
alba Boess., Zea mais and Avena saliva to bring the total to 250 
seedlings. 

None of the seedlings showed reverse curves. The Helianthus 
shoots made upward curves in all the percentages of carbon dioxide 
used — from 4 to 20 per cent. Lupinus bent its hypocotyl upward in 
20 and 50 per cent. ; older seedHngs of Phaseolus bent the epicotyl 
upward while the mature hypocotyl remained straight; Pisum 
epicotyls bent sharply upward in 12 and 20 per cent.; Cucurhita 
bent slightly upwards in 33 percent.; Brassica did not grow but lost 
its turgidity and sagged down in 75 per cent. ; Zea had unfolded its 
first leaves when placed in an atmosphere of 35 per cent., but made 
slight upward bends—about the same behaviour as shown by 
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The plants continued from one to four days in carbon dioxide 
atmospheres. It frequently happened in the concentrations of 12 to 
20 per cent, that the shoots grew long and then, after having made 
an upward bend, swung laterally by their weight, twisting the axis 
and so bringing the shoot into a pendent position. 

Series IV. With ammonia vapour. In the attempt to surround the 
roots with an alkaline atmosphere, ammonia vapour was used — the 
same means as employed by Small, but by a different method. To 
start with, one-twelfth normal ammonium hydrate was prepared. 
From this solution were made 0-5, 0-25, 0-12, o-o6 and 0*03 per cent, 
of the twelfth normal solution. The seedlings used were those of 
Zea mais and Vida faba. Sixty of Zea and 52 of Vida were success- 
fully carried through the tests, after favourable strengths of vapour 
were determined. The seedling roots were i to 3 cm. long when the 
seedlings were fastened to wooden bars and placed in desiccators 
made into damp chambers. The tubulature of the desiccator was in 
the top and was closed with a rubber stopper through which passed 
, a glass tube for the supply of ammonia. The glass tube was, of 
course, kept closed except when introducing the ammonia. Red 
litmus paper was suspended in each damp chamber as an indicator. 
When the seedlings were first suspended in the damp chambers 
5 c.cm. of the ammonia solution was inserted, and the same amount 
was introduced every five or six hours thereafter to the end of the 
experiment. 

In the vapour from the 0-5 per cent, ammonia, the roots did not 
grow but soon became brown and died. In vapour from 0*25 per cent, 
the roots grew but a few millimetres, some remaining straight, and 
some becoming twisted and distorted, bending upward, downward, 
and in all directions. After 24 hours in this strength of ammonia, 
the roots were brown and dead. In the chambers with o-i2, o*o6 
and 0-03 per cent., the growth of roots was good, and all roots showed 
positively geotropic curves. The majority of seedlings were kept in 
vapour from o*i2 per cent, ammonia, as this was the greatest strength 
in which a fair amount of growth could be made. , 

It would seem that the conclusion to be drawn from the examina- 
tion of the work of Small and his associates, and from the results of 
similar experiments recorded in the foregoing pages, is that there is as 
yet no evidence for the reversal of geotropic response by such means 
as those used by those investigators. The conclusions reached by 
these authors seem to the writer to have been due to misinterpreta- 
tions of distortion figures and to the behaviour of sagging shoots, 
too old and too weak to hold themselves erect. 
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